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ABSTRACT 

This manual, developed as an aid to state agencies 
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needs to know to successfully assess a public water system. The 
manual is designed for use by i nd i vidua! s who are experts in the 
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experienced in instructional techniques^ The manual (which includes 
basic text material, aud i ovi suai s , and evaluation exercises as well 
as detailed instructions for presenting the material and managing 
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length. Unit topics focus on water regulations, water sources 
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encountered during the conduct of a sanitary survey within a 
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this sanitary Survey Training Manual has been developed as anaid to state 
agencies who provide instruction to inspectors of water systems; It is 
based bh the minimum information that c5n inspector with limited experience 
needs to know to successfully assess a public water system. 

The i nstructor's Manual and Student ' s Text are intended for use in 
conducting technical assistance seminars for State and local agency 
personnel responsible for State public water supply programs under the 
Federal Safe or inking Water Act. 

The overall objective of seminars conducted through the use of these 
materials is to provide the minimum training that , when .complemented by 
on-the-job training, will enable personnel to perform effective 
evaluations of small public water supply systems. Personnel attending 
training where these manuals are used by an instructor should have a basic 
knowledge of water supply systems and some limited on-the-job experience 
of sanitary surveys conducted by experienced agency personnel. It must be 
stressed that these manuals provide only "need-to-know" information; that 
is. only the basic questions, and their rationale and importance, that an 

inspector needs to know to adequately evaluate a water system. These 

manuals do not provide technical detail on every facet of a water system, 
nor are they intended to provide an inspector wj th the ability to provide 
technical" assistance . 
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Break IS 'iiinur.es 10:00 am 10:15 am 
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Htui'MSKn S ; 'HHPUI;K (C ontinue d) 



T i 1 1 o 



DAY 2 
Contact Time 



in 



i 2 
1. 3 



STORAGE 

Grav i ty Storage 
Hyciropneiiitia tic Storage 
WATER DT STRI BUTTON 
Distribution Systems 
Break 

Cross-Connect ions 
MONITOR! NG/RECORDKEEPING 
Lunch 

MANAGEMENT/SAFETY 

SURVEYS 

Break 

COMMUNICATIONS/ 
PUBLIC RELATIONS 

TECHNICAL ASSISTANCE 

CONCLUSION 



* U minutes 
3 0 minutes 



45 minutes 
15 minutes 
30 minutes 
4 5 minutes 
60 minutes 
45 minutes 
60 minutes 
15 minutes 
30 minutes 

30 minutes 
_i 5 minutes 



8:30 a in 
9:00 am 

9:3d am 
10 : 15 am 
10:30 am 
11:00 am 
11:45 am 
12:45 prri 
1:30 pm 
2:30 pm 
2:45 pm 



9 : 00 am 

9; am 

10:15 am 

10:30 am 

11:00 am 

11:45 am 

12:45 pm 

1:30 pm 

2:30 pm 

2:45 pm 

3:15 pm 



3:15 pm - 3:45 pm 
3 : 4 5 pm - A : 3 0 pm 
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i NiSTRUcTioN c-i i lit-; 



A thorough, understanding of this instructor's Technical Manual is vita) 
the successful presentation of a sanitary survey training program. Thi*- 
manual, when complemented by on-the-job experience for the student under 
the guidance of the more experienced inspector, would enable the 
instructor to successfully provide the minimum training necessary t* 
conduct a sanitary survey. In presenting such a program, the Student'::; 
Text must be utilized in conjunction with this manual. 

This manual is designed for use by individuals who are experts in the 
field of water systems and sanitary surveys, but who may not be 
rxperl-Mv ed in instructional techniques. The prerequisites for an 
widividiial utilizing this manual would be an academic background in public 
!r inking water systems with a minimum of 3 years of experience in 
performing sanitary surveys. 

This manual includes the bas?c text material, audiovisua Is , arid 
(valuation exercises as well as detailed instructions for presenting the 
material arid managing sanitary training activities. The content of this 
manual is geared for presentation to students of varying educational 
backgrounds. Students being trained via this manual should be sanitary 
engineers, sanitarians, or technicians with some limited experience in 
performing sanitary surveys. 



Manual Goals 

The purpose of the Instructor's Technical Manual and Student's Text is to 
provide the basic outline, text, and materials for use in a State training 
program. The outline and text should be modified to present the specific 
situations encountered during the conduc*- of a sanitary survey within that 
particular State. 



_f primary importance to such a presentation is the student's ability to 
relate course information to the activities of the sanitary survey. 
Irisbf ai as possible, the instructor should explain now the information 
presented can be Used during an actual survey. 

The inspector should be able *:o determine not only that tne water system 
is complete, but also that it is functioning in ar approved manner. 

The instructor can greatly enhance student understanding by ^l^ting 
anecdotes from personal experience demonstrating means of determining 
whether system activities such as disinfection and cross-connection 
control are, in fact, being adequately performed. 
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• v ' » ,: _''. J i 1 1 y pi Mserit a sanitary survey training program ut 1 
mwunl. rr\-> instructor mugtfe he thoroughly conversant with aii 
' 1 1 water systems arid the activities of a sanitary survey, 
ini ijt mat iori is provided lh brief outline, fbrih. The" outlines are 
t ii'Mve as guidelines to ensure that ail relative information i: 

'V^r'Hl. The outlines in themselves are not complete sources cm 
\ ^for mat Ion hut r ather are notes designed to be expanded upon by 
jnst Mictor . It is imperative to the successful presentation of : 
'^n'ui that all poinr.r; in the outlines be covered. 



:,!-. outMne approach will provide the instructor with maximum 1 : * i v .j 

in adapting the training program to the specific needs of a partlc-Kir 

region. The points covered in the outline are general and will apply 
•■•• >•: sanitary survey requirements : 
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r- 1 i uctor ; s Technical Manual 



Student ' s Text (« 



o Instruct ion Guide 

o Proposed Schedule 

o preparation Checklists 

o Basic Material (Units 1-13) 

o Evaluation Forms 

o instructional Aids 

(additional copies of each 

from which transparencies 

can be made ) 
o Provisons for including 

specific State information 



o introduction 
o Basic Material (Unit- 1 
o Provisions for student 1 
supplementary materia 



or ma t 



The Units . The manual is divioed into 13 units of varying lengths. [ :.o h 
urit is organized into the following sections: 



o Unit Summary. This section gives the instructor an overview of '.-he- 
unit material ; 



° O bjectives ^ Each unit is based on specific objectives that yt«t. 
what the student should be able to do at the end of the materia] 
presentation. The objectives are based on information the 
inspector needs to successfully perform sanitary survey. Trie 
instructor should make careful note of these objectives and use 
them to guide the presentation. 
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i> Basic Material . This section provides the basic information in 

'_'»<! t line form: _The instructor should use the bas.c material section 
to guide the presentation, being sure to cover ail points in the 
outline. Additional information and personal anecdotes should be 
presented as time allows ; transparencies and other graphics .uo 
included in this section as aids in presentation and as 
re IriFbr cement of text material. 

<■> Basic Material Format . This manual presents basic material arid 
instructional strategy in a two-column format on the right-hand 
page. The basic material, in outline form, is located in the right 
column. (Related material is included in the Student's Text.) 

specific instructions for presenting the mater ia ' are located in 
the left column. These directions are designed to aid the 
Instructor in varying the material presentations and in encouraging 
act ive student par t ictpat ion in the program . 

The left hand page is provided for the outlining of specific St.it e 
information pertinent to conducting scnicary surveys. 

o U nit Emphasi s. Units dealing with system components and operations 
emphasize sanitary risks and means of assessing these risks. The 
sanitary risk Factors listed in these units describe situations or 
conditions that can increase the risk of contamination. They can 
also be used to identify specific means of protection. 

o stu dent Prepa ratio n. Prior to the pr esentat ion of each unit, 
students should read the basic material in the Student's Text. 
This will familiarize students with topics to be covered in the 
unit so that they can contribute actively to unit sessions. 
Specific assigriments for this preparation are listed both in the 
Instructor's Technical Manual and in the student's Text, 
instructors should assign each section in advance of the session 
and expect that students will come to class prepared. 

o The Pre- and Post-Tests . A pre-test and a post- test will be given 
to measure the level of progress each student has made during the 
training session. 



Klexibllity 



The manual is designed to accommodate specific requirements of the 
participants and of the local circumstances. The instructor should 
carefully review the information regarding educational background and 
water supply experience received on the participant data questionnaires; 
The level of education and experience of the group will determine the 
amount and depth of technical information to be presented daring a 
particular training program. 
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wlw-n at all possible; instructor materials such as site maps, well logs, 
ih'.l engineer ln<j plans should, represent actual c 1 rciirristahces in the 
.'-[it's particular geographical area. 

content Mod if Lcat Ion. Changes in the content of the manual to 



reflect the types of systems of supplies that students will 
encounter In a particular area can be made simply without 
disruption to the overall organization of the manual. The lesson 
objectives and Instructional strategies are sufficiently flexible 
to accommodate additions and deletions of material. Provisions are 
iiuuio in the instructor's 'technical Manual for these modifications. 



Iris true tor 3 are encouraged to add additional materials, visuals, 
examples and anecdotes to supplement the basic material of this 
manual; However, care should be taken to assure that additions 
relate directly to the instructional objectives and do not stray 
t i v. >m the category of " need - to-know" information. Any changes 
should always relate directly to improving the student's ability to 
• ■'■ndu'rt a successful sanitary survey. 

r ' ■/ h e d i 1 e Mod i f i c a t i on , The Proposed Schedule is set up on a 2 - day 
l.!'.)«;k of t l.m> . If such a schedule is impractical, the plan may be 

i-.--.dU Jed . 

!•; i -\\ unit is independent, crid one or more l'.-; oe presented in 
an hefting or in a program of consecutive evenings or weeks. 

i'liit:'. might be grouped to spread * he progr am over a 2-week 
Period of partial days. 



OPTIONAL 1 



At the close or the training, ail participants (students and instructors) 

an be jsk^d to evaluate the bvera 1 1 effect iveriess of the presentation. 
•.;peclt icdlly, the instruct ional staff , training material, presentation 
organisation, and facilities will be evaluated. These evaluations can be 
used to identify deficiencies and make improvements in the overall orogram: 
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Preparation Checklists 



Prelim inary Activities . Use this. checklist in planning arid preparing for 
the training sessions. Additional steps may be necessary to meet specific 
requirements. 

Review all materials thoroughly, paying particular attf ion to the 
Instruction Guide in the Instructor's Technical Manual: 



Set the dates for the pre,' am and schedule the facilities. Facility 
considerations include : 

o Meeting room of adequate size 

o Adequate number of tables and comfortable chairs 

o Nearby facility for lunch 

o coffee and refreshments available 

o Lodging for out-of-town participants 

Prepare and ma L 1 letters of invitation and Participant Data Sheets 
(Form 1) to prospective participants. 

Adjust course to meet specific requirements, if desired. Change 
Student's lext, if necessary. 

Prepare roster of participants. (See Form 2.) 

Send Acknowledgment Form and Student's Text to participants 2 weeks in 
advance . t 

Make arrangements for equipment: 
o Chalkboard/chalk 
o Movie screen 

o Overhead projector, spare lamp 

o instructional materials (see "Logistics" section of each lesson) 

Duplicate all materials to be handed out to the students, 
o Pre- test 

o Simulation exercises 
6 Post-test 

o Evaluation forms (optional ) 

o Other materials to be added by the instructor 



Presentation Checklist. use this checklist to prepare for each presentation. 



Review entire lesson thoroughly, including material in Student's Text. 
_ study lesson objectives. 

Study basic material: clarify questions; insert specific State 
information : 

Duplicate handouts (if any). 

Prepare other material as needed to complete lesson. 

Make sure necessary equipme. is available arid functional . 

xi 
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Form 1 

Partic ipant Da ta Sheet 
Please complete this form and return it to this address by: 



Please type or print the Information requested below: 

Your Name : 

Employer : 

Title: 

Work Address: 



How long have you been in present job? 



Brief summary of present job duties: 



Previous experience pertinent to small water systems: 



Zip: 



Phone : 



(Area Code) 



( 1 ) Dates : from 



to 



Employer : 



Duties : 



(2) Dater:: from 



to 



Employer : 



Duties : 



(3) Dates: from 



to 



Kmployer : 



Duties : 



xll 
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Form 1 (Continued) 



Fducat ion : 

High School Graduate? Yes_ No 

College(s) Attended: (1) 

Major: - 

Years of attendance: 19 z 19 Tltle- of Degree^ 

Coiiege(s) Attended: (2) .. . 

Major : i . - 

Years of Attendance: 19 ~ 19 Title of Degree: 

Col lege ( s ) Attended: (3) 

Major: — - — 

Years of Attendance: 19 - 19 Title of Degree: 

Previous Training in Water Supply-Related Topics: 

(1) Name of Course: i^^;^=z^ 

Units or CEOs Year Conducted 

(2) Name of Course: --- 

units or CEUs Year Conducted 

(3) flame of Course: 

Units or CEUs _____ Year Conducted 

Please supply the following information about the public water systems in 
your area of jurisdiction: Total Number: » of this, the 

No: of Weil/Infiltration Gallery Sources 

No. of Spring Sources 

No. of Surface Sources 
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Ro ster of Participants 
SANITARY SURVEYS OF WATER SYSTEMS 

Course Location: Course Sponsor: Course Date: 

Name and Address 

Job Title/Position: 

1 . 



3. — 
4. 

5. 
6. 

1. _ 

8- _ 
9. 

10. — 

i i • 

12. 
13. 

14- _._ 
15. 

16. — 
I 7 - 

18. ___ 

19. _ 
20. 
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UNIT 1: ORIENTATION ~ "THE NEED TO KNOW" 



Unit Summary 



Registration arid Introduction 



Schedule arid Format 
Pire-Test 

The Sanitary Survey 



Unit Objectives 



To conduct a successful sanitary survey, 
the student must know whal a survey is 
and why it is being conducted. 

At the close of this unit, the student 
should know: 

1. What is a sanitary survey 

2. Why sanitary surveys are performed 

3. Who conducts such surveys 

4. What activities occur during a survey 



App roximate Presentation Time : 60 minutes 

o Registration (10 minutes) 
o Pre-Test (to be duplicated) 
o Answer Key 
o Basic Material 

o Transparencies 1-1 through 1-8 
Stu dent Materials 

o Student's Text, Unit 1 
St ud e nt Pr e para tion 




o Unit 1 should be read prior to the session. 



Report of a Sanitary survey in the Ndrth_ 
Adams, MA, Water Supply System, January 8, 
1982, by Peter C. Kuralekas, USKPA, Boston, MA 



Logistics 




Uriit 




Register students . 



introduce instructor s(s) ; 
give brief biographical 
sketch to instill student 
confidence in instructor 
credentials . 



Regist-r at ibh Form located in this unit 
(10 minutes) 



Personal Information 
o Home location 
6 Previous exper ience 



Review schedule, format, 
and logistical necessities. 

Explain purpose of arid 
admin Ir St e r pre-test . 

Have students code 
identif icat ion on pre- 
test (e.g., use last 
four digits of driver's 
license) to allow 
students to remain 
anon/mous yet receive 
evaluated test results. 



Purpose of Pre-test (-5 minutes) 



o Inventory student's knowledge of 
sanitary surveys 

b Highlight topics to be covered 
in training program 

o Provide instructor with guide to 
areas of students' knowledge that 
will need strengthening 



Administration of Pre-test (20 minutes) 



p re~test should be admin- 
istered aroJ evaluated iji the 
first period- This will 
allow instructor to determine 
where additional emphasis may 
need to be placed in the 
training program. This may 
be facilitated by giving the 
pre- test and allowing 
students to introduce 
themselves while another 
instructor grades pre-tests. 



Introduce students. Ask each 



to give some brief personal 
background information. Try 
to create informal atmosphere . 
Have students briefly explain 
what their job is . This in- 
formation can be used to draw 
anecdotes from actual student 
experience . 
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Form 3 

Registration Form 



SANITARY SURVEYS OF WATER SYSTEMS 

Locat ton : 



Date : 



Student 



Address 



1 



2. — 

3. _ 

4. _ 

5 . 

6 . 



8. 
9. 

10 ; 

1 1 . 
12. 
13. 
14 . 
15. 
16. 
17 : 
18. 
19. 
20. 
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Student Code 



SANITAKY SURVEYS OF WATER SYSTEMS PRE" TEST 



This test is intended to assess your pr ior knowledge of water systems and 
their operations. the conclusion of the training program, a post-test 

will be administer o evaluate your progress and the overall effective- 
ness of the program: There may be more than one correct answer to some of 
these questions . 



1. Smaller water systems usually have 

a. a greater variation between the average daily demand and the 
maximum daily demand than do larger water systems. 

b. less variation between the average daily demand and the maximum 
daily demand than do larger water systems. 

c. a variation between the average daily demand and the maximum 
daily demand similar to that of a larger water system. 

2. A dimension with the unit of "feet of head" is measuring which of the 
fol lowing? 

a. Velocity 

b. Length 

c. Pressure 

d . Flow 

3. Which of the following is a factor affecting the likelihood that a 
given source of pollution may contaminate a well? 

a. Depth of well 

b. Distance from well 



Type of pollutant 
Diameter of the well 



4: The results of fermentation tube method and membrane filter method 

a. are directly comparable. 

b . cannot be compared. 

c. are a measure of the spore- forming bacteria present in the sample. 

5. The two basic maintenance checks on the hydropneumat ic storage system 



are 



correct air volume 



correct air gap separation 
correct pressure range . 
presence of a diaphragm . 
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6. the most effective cross-connection prevention device is 

a. an air gap. 

b. a vacuum breaker. 

c: reduced pressure zone backflow preventer: 

d . a check valve : 

7; The chiorine contact time for a free chlorine residual should be a 
minimum of 



a. 10 minutes. 

b. 45 minutes. 

c. 30 minutes. 

d . 5 minutes. 

8. A system is producing 500,000 gallons of water per day and utilizes 
10 pounds of chlorine per day for disinfection. The estimated 
chlorine dose is 

a. 0.4 mg/1 

b. 0.2 mg/1 

c. 2.4 mg/1 

d. 4.0 mg/1 

9. Turbidity is of concern in water quality because 

a: it is a suspected carcinogen, 

b; it interferes with disinfection. 

c. it interferes with coagulation. 

d . it causes corrosion . 

10. The best reason intakes should be located at various depths in a 
surface impoundment is to 

a. withdraw the maximum amount of water. 

b. withdraw the best quality water. 

c. provide a backup in case of clogging of an intake: 

11. The purpose of jar testing is 

a. to determine the minimum turbidity. 

b. to determine the optimum chemical dosage for coagulation. 

c. to determine corrosivity of raw water. 

d. to determine alkalinity of finished water. 

12. The accepted method for determination of turbidity is 

a. Nephelometric method. 

b. Jackson Unit. 

c. Amperometric method. 
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13. 



The application of granular activated carbon and chlor iriatiori at the 
same point as a means of pretreatment 



a: f? r the control of taste and odor. 

b. for the removal of color. 

c. a costly and ineffective means of treatment. 

14. The primary purpose of rapid sand filtration is 

a. disinfection. 

b. removal of color. 

c. removal of taste and odors. 

d. removal of turbidity. 

15. fin increase of turbidity in a spring collection chamber after a rain 
indicates 



a. a defective drain valve. 

b. backflow of treated water. 

c. surface water contamination of the source. 

16. The AWWA - recommended procedure for disinfection of new water mains 
involves 



a . 


300 mg/1 


chlorine dosage with 


a 10 mg/1 


residual 


after- 


a 


3-hour 




contact 


t; ime . 












b. 


10 mg/1 


chlorine dosage with a 


25 mg/1 


residual 


after 


a 


1-hour 




contact 


time. 












c . 


2.0 mg/1 


chlorine dosage with 


a 2 mg/1 


residual 


after 


a 


30-minute 




contact 


time . 












d. 


50 mg/1 


chlorine dosage with a 


10 mg/1 


residual 


after 


a 


24-hour 




contact 


t ime . 













17. Common problems observed in gravity storage tanks are 

a. nonlocking manhole covers. 

b. corrosion of metal tanks. 

c. Improper or lack of screens on vents. 

d . sludge buildup In the tank bottom. 

e. lack of disinfection after making repairs. 

18. Samples for free chlorine residual 

a. can be stored up to 6 hours before analysis. 

b. can be stored up to 1 hour before analysis. 

c. can be stored Up to 24 hours before analysis: 

d. must be analyzed immediately after sampling. 
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Pr s-test Key 



1 . 


a 


10. 


b 


2. 


c 


11 . 


b 


3. 


a , b, c 


12. 


a 


4. 


b 


13. 


c 


5. 


a ana c 


14. 


d 


6. 


a 


15 . 


c 


7. 




16. 


d 


8. 


c 


17: 


a 


9 : 


h 


18. 


d 
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Explain objective cf unit 



The Sanitary Survey (20 minutes) 



Use questions to elicit 
responses prior to pre- 
senting material on 
specific areas; 



Use transparency 11 



Sse Transparency 1-2. 



Use Transparency 1-3 



Use Transparency 1-4. 



Emphasize that the 
period of the survey 
is very short when 
compared with total 
time system must 
Funct Ion . 



1. what is a sanitary survey? 

6 Defined in National Interim Primary 
Drinking Water Regulations 40 CFR . 



b No longer the classic "sanitary 
survey" of watershed. 

Why should sanitary surveys be conducted 

o Required by law (NIPDWR 40 CFR). 



o Determine adequacy of both quantity 
and quality of the water provided 
for public consumption. 

b Identify, problem areas and provide 
possible remedies. 

Who conducts sanitary surveys? 

o Competent personnel who are 

experienced in the identification 
of problems within a water system. 



What are activities and their rationale 
of a sanitary survey? 



o I nspect and Evaluate 

a . Water source 

b. intake structure and wells 

c . Treatment/condit ioning 

facilities 

d. Distribution system 

o Review 



a 
b, 
c . 
d. 
e . 



Operations and maintenance 

practices 
Records , files , maps , 

correspondence 
Management practices and 

personnel needs 
Competency of technical and 

ancillary personnel 
Laboratory certification ( if 

other than State lab) 
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o Sample 



Emphasize that this is 
the heart of the survey. 



a. Sample source and distribution 
for bacter iologicai physical 
chemical , and radiological 
properties arid ( as required ) 
perform arid evaluate field 
analyses . 

o Recommend 

a. Complete survey report and pre- 
sent data (both negative and 
positive comments) to 
operating personnel: 



Discuss problem areas and 
provide recommendations 

their remedies . Provide 
an appropriate time schedule 
for remedies - 



o Notify 



Emphasize that remainder 
of presentations will be 
spent answering these 
questions . 

Use Transparency 1-5. 

use Transparency 1-6. 

Briefly highlight com- 
ponents that will be 
discussed during course. 

Use Transparencies 1-7 
and 1-8. 



a. The owner/operator, public, 
State regulatory agency, 
arid EPA of deficiencies 
(as required) . 

Sanitary Risks 

1- What conditions cause sanitary risks? 

2- How can they be recognized? 



Water System Components (5 minutes) 



o Source 

b Intake Structure/Wells 

o Treatment 

o Storage 

o Distribution 



Instructor's Narrative 
Xrit ^dau ^t4on 

During this training program we will be covering the basic "need to know" 
of sanitary surveys. This will neither prepare you for every situation 



nor will it make design engineers of ybU. ¥du_ wil l_merely be 
provided a starting point from which to develop competency in the 
field of water supply. Although this information is applicable to 
all systems, we will be addressing smaller systems serving less 
than 10,000 in population. But before we go further ; we mast ask 
ourselves some basic questions: 

What is a sanitary surv e y ? The classic "sanitary survey" was an 
inspection of a watershed to identify potential sources of 
contamination such as manure piles, septic tanks, pig farms, and a 
variety of other activities that could contaminate the source of 
water supply. This is not the type of survey we will be 
^ tscassin ?_- The § asi£> for t ^ e survey we are considering is found 
in the National Inter im Primary Drinking Water Regulations. TMs 
regulation defines sanitary surveys as "an onsite review of the 
water source, facilities, equipment , operation and maintenance bi: 
a public water system for the purpose of evaluating the adequacy 
of such source, facilities, equipment ; operation and maintenance 
for producing and distributing safe drinking water." Essentially, 
it is a review of a public system from the source to the 
consumer's tap. the next question is then: 

Why^shoU^^ anir^afy -sur veys-be conducted ? in th - ; day of high 
technology, it would seem that the problems of water supply would 
have by now been identified and solutions provided. There have 
been reports within recent history that would tend to cast ddUbt 
on this assumption,, one of these reports was the Survey of 
Co mmunity water Supply : Systems carried out nationwide by the U.S. 
Public Health Service in 1969. The results published in 1970 
showed that of 969 community water systems surveyed serving more 
than 18 million people, 41% were delivering water of inferior 
quality based on the U.S- Public Health Service Drinking Water 
standards i essentially the same standards utilized today. 

The Community Water Supply Study also showed that, apart from 
quality, many other problems were apparent, ftbout 56% of the 
water systems evidenced physical deficiencies including poorly 
protected sources, inadequate treatment and inadequate system 
pressure. Operators were inadequately trained, with 77% lacking 
suf f icient training in fundamental water microbiology and 46% 
deficient in chemistry. Other problems included inadequate 
inspection frequency of systems by State authorities and 
Insufficient sampling of water supplies to measure bacteriological 
or chemical quality of the water . In many ways this was shocking 
to a public that rarely questioned the quality of a water supply 
system: Another factor that enters the picture is the development 
of new analytical methods that allow the measurement of 
contaminants in the parts per billion range. Results of studies 
by researchers in the Netherlands and by BPft scientists in 
Cincinnati and New Orleans showed that a variety of new 
contaminants were being found in water systems. Suddenly the 
organics were upon us . Early health and epidemiological studies 
indicated that some of these organic compounds were potential 
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cancer-causing agents. Has the quality of water improved since 
the implementation of the Safe Drinking Water Act? By its 
definition we are dealing with 60^000 community water systems ; 
About 67% of the total number of community water systems serve 
populations of 500 or less but only 2.4% of the population. 
Furthermore, 88% of the community water systems are defined by EPA 
as small water systems (serving 3,300 or less), yet they serve 
only 10.7% of the population. 

Having looked at this distribution of systems, a review of the 
FY 81 national microbiological violations is informative. 
Approximately 92% of the systems in violation of the MCL arid/or 
monitoring/reporting standards are in the small and very small 
systems category. There has been general improvement in 
practically all categories with regard to the previous year's 
compliance data. As for the MCL violation, the national average 
for FY 81 was 8.5%. It is interesting to compare this figure with 
the results found in the 1969 Community Water Supply Study 
mentioned earlier. At that time more than 12% of the 969 systems 
surveyed failed to meet the microbiological MCL. A more 
significant comparison is the compliance with monitoring 
requirements. In the 1969 study, only 10% of the systems 
conducted a monitoring program sufficient to meet the standards . 
In FY 81 , 74% of the systems carried out a regular monitoring 
program. The same type of trend fol lows for the turbidity 
violations as well . 

These are only statistics . Perhaps a better way to illustrate the 
need to conduct sanitary surveys would be to provide a specific 
case study of a small water system in New England . This 
particular small water system was consistently in violation of the 
MCL for turbidity. Surprisingly, there were no violations of the 
MCL for coliform in over 3 years . 

The water system itself has both reservoirs and wells as sources 
of supply. The watersheds on the reserviir were very well 
protected with no human habitation, farms , or other obvious 
sources of contamination. However , one must also consider the not 
so obvious sources such as wild animals that can certainly be 
sources of disease causing micro-organisms like Giardia. SoY. by 
the historic definition of the sanitary survey, the watershed was 
very clean and would be indicative of a very good water supply 
system. However, by applying our present definition of a sanitary 
survey that evaluates the entire water system from source to the 
consumer's tap, this particular water system was L as you will see, 
a disaster . Treatment consisted of only simple chlorination with 
chlorine gas. Among the deficiencies noted during oar survey at 
the chlorination facility were: 

o The operator of the f acil ity was a part-time employee with 
no trainino other than on-the-job training in water 

t reatment . 
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b The building in which the chlorinator was housed was a 

w 9°^? ri _? t: ?y? t y? e _^r i _ w bi c ^_ h ?y w ? s _? l5 9 stored for use by the 
operator for feeding animals, an obviously serious fire 
hazard . 



o Chlorine feed was interrupted when changing cylinders, 
allowing untreated raw water to enter the distribution 
systems . 

o Only one CI2 cylinder was connected to the chlorinator and 
was not being weighed. 

o There was no standby chlorinator in case of equipment 
breakdown . 

o There was no emergency power to provide continuous 
chlor inat ion during power failures. 

o The existing gas chlorinator had inadequate capacity to 

chlorinate the water during conditions of high flow and high 
chlorine demand. 



o There was no forced ventilation in case of chlorine leak and 
no chlorine alarm system. 

o A World War II vintage gas mask was used that would threaten 
the life of the operator should the operator try to use it 
in repairing a serious chlorine leak. 

b Chlorine feed was not proportional to chlorine demand. 

There were a number of deficiencies in the operat ion , maintenance , 
and facilities used in the storage and distribution of water, 
which will be mentioned briefly. 

o Water mains were not disinfected according to the AWWA 
standards . 



o There were 40 deadends in the distribution system with no 
regular flushing to remove corrosion products, sediment, and 
poor quality water from the deadends . 

o Lead goosenecks were _ used in service lines from the early 
1900's to around World War II and many are still present . A 
corrosion study needs to be done to evaluate water quality 
at the consumer's tap to determine if lead is being imparted 
to water . 

o There was no cont inuing program for cross-connect ion control : 
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o There were a number of areas of low pressure where pressure has 
been known to go to zero during peak usage of water. 

b there was a 0.6 million gallon uncovered earthen distribution 
reservoir that, is subject to airborne contamination , insects , 
and animals. Water receives rib treatmerit after leaving the 
reservoir . 



o Two other concrete distribution storage reservoirs had Improper 
hatches and vents that could permit birds and animals to enter 
the reservoir and also leave them subject to vandalism and 
sabotage . 



o A booster pumping station had no low pressure cutoff switch to 
shut the pump off in case of low pressure and lack of water: 

In terms of water quality, there were supposedly no coiiforra 
violations in 3-1/2 years, but considering the magnitude of the 
noted problems, this would seem highly unlikely. Various check 
samples by the State have found col iforms where the utility found 
none, which adds further suspicion to these highly improbable 
results. Inorganic arid organic chemical samples taken by the 
State revealed rib other MCL violations. 

This example points but the number arid types of problems present 
in some of today's water systems. It also highlights "why" 
sariitafy surveys are needed. After answering "why," then we move 
to "who." 

Who conducts sanitary surveys ? Obviously, the answer in the near 
future will be " you do sariitafy surveys." The people conducting 
sanitary surveys are those individuals who, through a combination 
of knowledge and experience, are competent to assess sanitary 
risks. They are also able to wake sound, adequate, and economical 
recommendations. These individuals have to realize the limits of 
their knowledge and be cautious about giving advice beyond this 
limit. The final question is, then: 

What are the activities of a sanitary survey ? The activities of a 
sanitary survey provide a comprehensive , accurate record of the 
component parts of small water systems; assess their operating 
conditions arid adequacy as a water system; and determine the 
effectiveness of the implementation of past recommendat ions 
regarding the system. This program of instruction presents the 
information needed by the inspector to effectively carry out the 
following activities: 

Inspect arid Evaluate 

o water source 

o Intake structure and wells 

o Treatment /cond it toning f acil ittes 

o Distribution system 
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Essentially this activity is an in-depth re ew of the_f acilities 
arid processes involved with delivering pota^ie water to the 
cbrisumer . 

b Operation and maintenance practices 
d Records , files , maps , correspondence 
b Management practices and personnel needs 
o Competency of technical arid ancillary persoririal 
o Laboratory certification (if other than state 
laboratory) 



This activity allows the inspector to have a long-term look at the 
system. The inspector's visit will only be a few hours in 
duration^ a very short period when considering that the system 
must be meeting requirements 24 hours/day, 365 days/year. This 
review will help identify problem areas. 

Sam ple 

o Sample source and distribution for bacteriological, physical, 
chemical, and radiological properties, arid (as required) 
perform and evaluate field analyses. 

This sample will provide a _ look at the water quality for that 
brief moment when the sample was collected. The inspector may use 
this for comparison with data (for the same period) that was 
collected/analyzed by others. 

Recommend 



o Complete the survey report and present data (both negative 
and positive comments) to operating personnel; 

o Discuss problem areas and provide recommendations for their 
remedy. 

This activity can have the most positive impact of any performed 
during a survey. Communicating to the operating personnel what 
the inspector's findings were arid discussing recommendations for 
alleviating noted problems is the heart of a sanitary survey. 
However, if the recommendations are erroneous due to snap 
judgments on the part of the inspector or a failure to recognize 
the limits of the inspector's own knowledge, the results can do 
great damage. 



Notify 

o Notify the owner/operator, the public, State regulatory 
agency, and EPS of deficiencies (as required). 

The inspector should communicate in writing the comments resulting 
from the survey to the appropriate individuals and organizations. 
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These have been the what, why, and who of sanitary surveys. For 
the rest of this program we will discuss the "need^tb-know" 
details of how to conduct sanitary survey . the questions that we 
will attempt to answer are: 

1. What conditions might cause sanitary risks in each of the 
components of a water system? 



2; How might these conditions be recognized? 

We will be following the same path that the water would take 
through a system. We will be discussing the following: 

So urce : This water body, whether above or below ground, must 
provide water in adequate quantity and quality to meet 
requirements . 

Intake structure or wells: The water must be collected in a 
manner to provide the best possible water without degrading 
the source. 

Tr eatment : Water that is of inferior quality must be treated 
to meet standards. This treatment must not create further 
problems . 

Storage : These components provide adequate quantities to meet 
short-term demands that may exceed the capabilities of the 
source or treatment units. Storage must be provided in a 
manner to prevent contamination. 

Distribution: This component dispenses the purified water to 
the consumers in the necessary volume at adequate pressure. 
In providing water to the consumer, care is taken to minimize 
the possibility of quality degradation. 
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THE SANITARY SURVEY 



What is a Sanitary Survey? 

A sanitary survey is ah orisite inspection of a public water system by 
competent personnel who use a standard form, procedure, and method to 
survey the effectiveness and maintenance of the system and to determine 
its ability to provide continuously safe water tc the consuming public. 



Why Conduct a Sanitary Survey? 

Competent personnel must conduct sanitary surveys periodically to 
determine whether the construction, equipment, facilities, operation, and 
maintenance of the parts of a water supply system are adequate, effective, 
and efficient in producing adequate quantities of safe water for the 
consuming public, and whether the water quality meets acceptable standards . 



Who Conducts a Sanitary Survey? 

Sanitary surveys are conducted by sanitary engineers, sanitarians, and 
technicians who have experience, knowledge, and competence in the design, 
operation, and maintenance of water supply systems . These personnel must 
also be qualified to assess problems using hydrclogical , hydraulic, 
mechanical , and other basic engineering knowledge and be able to make 
sound , adequate , and economical recommendations. 



What Occurs During a Sanirary Survey? 

The activities of a sanitary survey provide a comprehensive, accurate 
record of the component parts of water systems, assess their operating 
conditions and adequacy as a water system, arid determine if past 
recommendations regarding the system have been effectively implemented. 

This program of instruction presents the information needed by the 
inspector to effectively carry out the following activities: 

o inspect and evaluate the water source . 

o Inspect and evaluate the intake structure. 

o Inspect and evaluate the treatment/conditioning facilities, 

o inspect and evaluate the distribution system. 
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o Sample source arid distribution water for bacteriological, physical -, 
chemical, arid radiological properties, arid (as required) perform 
and evaluate field analyses; 

o Review operation and maintenance practices. 

b Review records, files -, maps> correspondence. 

o Determine qualifications of engineering, sanitation, arid ancillary 
personnel; review management practices arid personnel needs. 

o Complete the survey report. 



o Present sanitary survey data to operating personnel and (as 
required) discuss onsite problems and provide recommendations. 

o Notify the owner/operator, public, State regulatory agency, and EPA 
of deficiencies (as required) . 

(Specific inspection and reporting information is included in the basic 
material of the following units.) 



Program Objective 

For the remainder of this training program, we will be covering the 
components of a typical water system: 

b Source 

b Intake Structure 

o Treatment 

o Storage 

o Distribution 

We will be answering two questions about these components: 

1 . What conditions might cause sanitary risks in each of the 
components? 

2. How might these conditions be recognized? 
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A Sanitary Survey is: 

A Review of: 

• Source 

• Facilities 

• Equipment 

• Operations & Maintenance 
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A Sanitary Survey is; 

A Review of: 

• Source 

• Facilities 

• Equipment 

• Operations & Maintenance 
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Wily Do Sanitary Surveys? 

• Required by Law 

• Determine adequacy 

• Identify problem areas 
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Who Dots 



urveys? 



• Personnel experienced in evaluating 
sanitary risks of water systems. 
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Who Doss Sanitary Surwsys? 



Personnel experienced in evaluating 
sanitary risks of water systems. 
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Activities are: 



Inspect and Evaluat 
Review 
Sample 
Reoommencl 
Notify 



Activities are; 

• Inspect and Evaluate 

• Review 

• Sample 

• Recommend 

• Notify 
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WhatC 




sCaust 
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Now Can Thiy Be Rteognizad? 



ERIC ^ 



How Can They la Recognized? 



ERIC 



Components of 



Typical Water System 



• Source 

• Intake Structure 
« Treatment 

• Storage 

• Distribution 
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Samples of 
Typical Water System 
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UNIT 2: WATER REGULATIONS - "THE NEED TO KNOW" 



Unit Summary 

* Safe Drinking Water Act 

National Interim Primary Drinking Water 

Regulations 

Implementation of NIPDWR 

Applicability 

Requirements 

Responsibilities 
National Secondary Drinking Water Regulations 
Appropriate State Regulations and Standards 



Unit Objectives 

The Federal and State drinking water regula- 
tions form the basis for regulatory activity 
in public water supply systems. An inspec- 
tor must be familiar with these regulations , 
their standards, and their implementation . 
This unit provides a brief overview of Federal 
regulations . 



Logistics 

Approximate Presentation Time : 30 minutes 
Instructor Materials 
b Basic material 

6 Transparencies 2-1 through 2-12 
b Overhead projector and screen 
b Chalkboard 

Student Mater xala 

o Student's Text, Unit 2 



Student Preparation 

o Unit 2 should be read prior to the 
session* 
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o National Interim Primary Drinking Water 

Regulations (40_CFR 141) 
o National Interim Primary Drinking Water 

Regulations Implementation (40 CFR 142} 
o National Secondary Drinking Water 

Regulations (40 CFR 143) 
o Water Treatment Plant Operation (Volume II 

Chapter 22) 



Use Transparency 2-1. 



Safe Drinking Wat e r Act (5 minutesf 



Briefly expla in the 
development of the 
Act and its purpose. 



Use Transparency 2- 



d Resulted from concern over deteriorating 

public _water . 
c increased public awareness 
b Congress intended that the Act be a 

partnership: 

- EPA providing overall national guidance 

- States (by accepting "primary" enforce- 

ment recponsibiix tyj implementing the 
law within their borders 

- Water utilities complying with the 

regulations 

o Mandated: 

Primary Drinking Water Regulations 
~ Secondary Drinking Water Regulations 



Use Transparency 2-3, 



Use Transparency 2-3 , 

Bi ief. ly expla in a 
public water system. 

Us^ Transparency 2-5. 



Use Transparency 2-6. 

Ask students why there 
would be a need for 
distinction between 
community and noncom- 
rnunity systems. 



National Interim Primary Drinking Wat e x 
Re94j 1-a-t-i-QRs- (5 minutes) 

o purpose - to protect human health 

o Enforceability - federally enforceable 

o Applicability - all public water systems 

A public water system is a system that pro- 
vides to the public piped water for human 
consumption. The system has at least 15 service 
connections or regularly serves an average of at 
least 25 individuals daily at least 66 days out 
of the year. This includes (1) any collection, 
treatment > storage , and distr ibution facilities 
under the control of such a system and used 
primarily in connection with such system, and 
(2) any collection or pre treatment storage 
facilities not under such control that are used 
primarily in connection with such a system. 

Community Wate r System - a public water system 
that serves at least 25 service connections used 
ty year-::Ound residents or regularly serves at 
least 25 year-round residents. Permanent resi- 
dents exposed to potential contaminants for 
extended per iods . 

Noncommu ni ty Water 5y s terns - a public water 
system that is hot a community water system. 



Briefly describe 
requirements . 

Use Transparency 2-7. 



Reguirem€ 



Under NIPDWR (5 minutes) 



o siting - avoid areas of earthquakes/ 
floods , fires; or other disasters 



Exp la in that due to 
economics and geographic 
location siting requirements 
may not be able to be met. 
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Use Transparency 0 8. 

Tell stadents tha i 
specific contaminants 
are provided in Tables 
2-1 through 2-3. 



Maximum Contaminant Levels 
Established for.: 

b inorganic chemicals 

6 Organic chemicals 

6 Turbidity 

6 Microbiological contaminants 
d Radioactive contaminants 



Use Transparency 2-9 . 



Ask students to identify 
public health implica- 
t ions of each . 



Monitor ing and Analytical 

o Frequency of sampling and water 

analysis 
o Analytical requirements 
o Record maintenance required 



Expla in to students 
that records of these 
analyses could provide 
valuable information 
for surveying the 
system's water 
quality. 
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o Reporting 

o Outlines when water supplier must make 
reports to State agency 

o Public Notification 

b Outlines when supplier for community 
water system must notify public and 
how 

6 Record Maintenance 

d Outlines what records must be kept and 
for how long 

Responsibilities for Implementing NI PDWR 
(10 minutes) 

Federal 

o Annual evaluation of State program 
o Funding of State program elements 
o Federal enforcement cf standards if 

States have not instituted own program 



Emphas ize that States 
have authority to 
implement: more strin- 
gent standards thar- 
N I PDWR." 

lit tje s s that inspectors 
must be familiar with 
local (county , township, 
water district) and 

State regulations. 



State 

o Adopt Federal, or equally stringent/ 
standards 

o Maintain prbgiam that meets conditions 
for "primacy." The most important for 
this course is. a systematic program for 
conducting sanitary surveys. 

Water Utility 

o Monitor for contaminants, 
o Keep records and report results, 
o Public notification as required, 
o Obtain prior approval of plans and 
specif ications . 
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Use Transparency 2-11. 

Explain purpose of 
NSDWR. 

Use Transparency 2~i2; 

Ask students why 
standards are import- 
ant from a health 
standpoint . 



National Secondary Dri nking Water Regulations 
(5 minutes) 



o Purposes 

- Provide esthetically appealing water 

- Discourage consumers from using ah 

unsafe source 
o Enforceability 

- Guidelines only 

- Not federally enforceable 

- Individual State may adopt and 

enforce standards 
b Maximum contaminant levels 



Instructor 's Narrative 

Note: This training program is designed to provide the student with only 
"need-to-know" information . This discussion covers information 
pertinent to sanitary surveys^ If the particular State presenting 
this training program has standards different from the Federal 
regulations , they should be emphasized. 



As discussed in the last unit> the late 60's and early 7G 1 s were a period 
of revelation to the general public concerning drinking water supplies. 
Reports were identifying problem areas; technologies were measuring 
contaminants in the parts per billion range. Some of t.iese contaminants 
were suspected or known carcinogens. The problems with water systems were 
being dealt with in an uneven manner across the Nation. Drinking water 
regulations and the appropriations necessary to implement them were an 
area that many State and local governments felt they could skimp upon, 
thus avoiding the political hazards of water rate increases. As public 
concern arid anger grew, a movement for a Federal policy to provide a 
comprehensive means of addressirg water supp>ly problems ga iried impetus. 
This movement resulted in the passing ot the Safe Dr ink ing Water Act 
(PL 93-523) in December 1974. 

Congress intended that the SDWA would be a partnership between the States , 
EPA, and local water utilities. EPA would provide the overall national 
guidance by determining health effects and establishing standards for 
contaminants, researching treatment technologies for contaminants, and 
monitor ing State programs . 



States , by accepting "primary enforcement responsibility" (primacy) , would 
implement the law within their borders . The water utilities would have to 
meet the requirements of the law, thereby providing the day-to-day 
compl iance • 

The SDWA, among other ti ^ngs , mandated two further regulations : the 
Pr imary Dr ink ing Water Regulations and the Secondary Drinking Water 
Regulat ions . 
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The National Interim Primary Drinking Water Regulations were an immediate 
attempt to meet the need for control of public water supplies. They 
established the basis for the overall program and outlined the 
responsibilities in implementing it. 

Let's briefly discuss this regulation: 

Purpose - The purpose was to protect human health by minimizing 
ingestion of specific contaminants. 



ft£jpl i cabil ity - This regulation applies to all public water systems. 
Public water system means a system providing to the public piped water 
for human consumption. The system has at least 15 service connections 
or regularly serves an average of at least 25 individuals daily at 
least 60 days out of the year. This includes 1) any collection, 
treatment, storage, and distribution facilities under the control of 
such a system and used primarily in connection with such a system, and 
2) any _ collect ion or pretreatment storage facilities not under such 
control which are used primarily in connection with such a system. 

Public water systems were further divided into community and noncommunity 
systems . 

Comm u nity Water System - A public water system that serves at least 25 
service connections used by year-round residents or regularly serves 
at least 25 year-round residents. 

Noncommunity Water System - A public water system that is not a 
community water system. 

There is a difference in the standards applied to the two systems. This 
i r based on the fact that permanent residents are exposed to potential 
contaminants for extended periods. 

The regulations outline requirements that must be met for cor liance. 
There is a siting requirement that restricts the areas in which a Water 
system may be placed unless there is no alternative. Maximum contaminant 
levels were established for inorganic and organic chemicals/ turbidity, 
microbiological contaminants, and radioactive contaminants. Turbidity and 
microbiological contaminants are of particular interest to the sanitary 
surveyor. The surveyor will most frequently be involved in evaluating the 
water supplier's methods for turbidity and free chlorine residual. 
Monitoring requirements were also established with respect to frequency of 
sampling, analytical procedures, and record maintenance of test results. 
A review of these records could provide the inspector with valuable 
information for surveying the system's water quality. They can point out 
problem areas and identify trends in water quality. Reporting 
requirements told water suppliers when they must routinely notify State 
agencies of analy tica results. How soon a failure to comply with any 
primary water regulation had to be reported is delineated in the 
r eg Li 1 a t idrt . 
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There wa>> a requirement for pabiic notification ir; specific instances; 
The public would be told firsthand of the shortcomings of its water 
supply. How the general pubtic and the everyday customer would be 
notified is outlined. This requirement assured that the public would not 
only be aware of the hazards of the particular shortcoming but also 
f. r ovide public support for corrective actions. A final requirement was 
for record maintenance, specifying what records were to be kept and for 



in addition to requirements of the regulation, responsibilities for each 
of the parties that were involved in the implementation were stated. 
Bas ically f the Federal respbhs ibil i ties were ah annual evaluation of State 
programs, funding of the State program elements, and Federal enforcement 
of standards if the States did hot have primacy. The State requirements 
were to adopt standards that were equal or more stringent than Federal 
standards. The State was to maintain a program that met the conditions 
for receiving primacy. The most important condition with respect to this 
course was that the State must have a systematic program for conducting 
sanitary surveys; that is the reason for this course — to assist in 
providing personnel who are able to conduct sanitary surveys. Finally, 
the water supplier had responsibilites . Briefly these were to monitor for 
con taminants , keep records and report results, notify the public and/or 
consumers when required, and obtain pr ior approval of plans and 
specifications . 

We have briefly been discussing the Primary Drinking Water Regulati^ s. 
Before going into the core of this course, let's take a quick look at the 
Secondary Drinking Water Regulations. The purpose of this regulation was 
to provide an esthetically appealing water, thereby discouraging consumers 
from using a potentially unsafe source. The average consumer bases the 
evaluation of the quality of water on their senses* ft water that is free 
of pathogens and contains no harmful chemicals yet has color, taste, and 
odor and stains clothes could very well be rejected by a consumer- These 
contaminant levels were guidelines and are not federally enforceable; 
however, the States can adopt them as enforceable standards. 



how long . 
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Basic Material 



In recognition of a declin3 in the quality of drinking water around the 
Nation, Congress passed the Safe Drinking Water Act designed to ensure the 
d e .*: ivery of sa ^ e dr ink * n ? water by public water systems arid to protect 
underground water sources from contamination. 

The Act required the Environmental protection Agency to establish primary 
and secondary regulations limiting contaminants to a level where "no known 
or anticipated adverse effects on the health of persons occur and which 
allows an adequate margin of safety," 

Th e National interim Primary Drinking Wate r ..gulations specify 
requirements and procedures for controiiir.j contaminants in public water 
suppl ies . 



Appl icabl Li^ty 

Although the Primary Regulations apply to all public water supply systems, 
the regulations make a distinction between community arid noncominunity 
systems. Community systems generally supply drinking water to residential 
and institutional users who might be exposed to dangerous levels of 
contaminants for extended periods of time. Consequently, a wider range of 
contaminants is controlled! by the regulations. The regulations define a 
"public water system" as a system for providing piped water to the public 
for human consumption if such a system has at least 15 service connections 
or regularly serves at least 25 people at least 60 days per year. The 
term includes any collection* treatment storage > and distribution 
facilities under control of the system operator and used primarily in 
connection with such a system, and any collection or pretreatment storage 
facilities riot under such control that are used primarily in connection 
with such a system. 

Some classes and types of regulated water systems are listed below. 



Community Wa4i£ 

Municipal systems and public water utilities 

Hoi He home parks 

Condominiums 

Residential institutions and schools, including hospitals, nursing 

homes, homes for the aged, colleges 
Housing developments, public and private 
Multifamily housing complexes (all varieties) 



Noncommuni ty Water Systems (with separate water systems) 

Mbtels-hotels-resbr t areas Campgrounds 

Schools (nonresident) Highway rest areas 

Restaurant arid other food Marinas 

service places Airports 
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Park s 

Recreation areas 
Migrant labor and construction 
camps 

Children's and adult camps 
Gasoline service stations 
Indus tr ies 
Churches 



Medical care facilities 
Shopping centers 
Office arid commercial buildings 
Public buildings . and public 

assembly facilities 
Social and recreation clubs 
Swimming pools and beaches 



Siting Requirements 

The siting of a water system is of primary importance in ensuring safe 
water. The National Interim Primary Drinking Water Regulations encourage 
the avoidance of hazardous locations when constructing new or expanding 
public water systems. Sites to be avoided are areas subject to 
significant risks of: 

o Earthquakes* 

o Floods ( 100 -year f ioodpla in ) 

o Fire or other disasters that could cause a breakdown in the water 
systems 

o in many areas, California for example, it is impossible to 

construct plants which are not subject to these hazards. In those 
cases L good designing is even more critically important to 
providing a continuous supply of water* 

M aximum Contaminant Levels 



The regulations include maximum contaminant levels for five properties of 
drinking water* 



o Inorganic chemicals 

o Organic chemicals 

o Turbidity 

o Microbiological contaminants 

o Radiological contaminants 

The specific maximum contaminant levels are provided in Tables 2-1 through 
2 Z 3. Each category has specific sampling and analytical requirements. 

Water Purveyor Requirements 

The water purveyor must report to the State agency: 

b Results of all tests and analyses within the first 10 days 

following the month in which the result is received or within the 
first 10 days following the end of th^ required monitoring period - 
whichever is the shortest. 

o Notice of failure to comply with any primary water regulations, 
including monitoring, within 48 hours. 
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o Notify public when a community water system fails to comply with: 



b Ah applicable maximum contaminant level 

b Ah applicable testing procedure 

b Scheduled corrections 

o Req u i r e d moh i to r i rig 



o Maintain the following records: 

o Bacter iolo^ ical analyses - for at least 5 years, 

° Chemical analyses - for at least 10 years. Actual laboratory 
reports may be kept, or data may be transferred to tabular 
summaries, provided that the following information is included: 

~ Date , place , time of sampl ing ; name of person collecting 
Identification of routine distribution system sample, check 
samples, raw or process water samples^ special purpose 
samples; date of analysis 

Lab and p>erson responsible for performing analysis 
Analytical method used 
Results of analysis 

o Records of action taken to correct violat ions - for at least 3 
years after last action was taken with respect to a particular 
v iolat ion - 

° Cop_ies of written reports> summaries, or communications relating 
co sanitary surveys conducted by itself , private consultant, or 
local, State or Federal agency - for at least 10 years after 
completion of sanitary survey involved. 

b Records concerning scheduling of improve merits - not less than 5 
years following expiration of scheduling time. 



Responsibilities for Implementing NIPDWRs 
Federal 

As already noted, the Federal Government through the Environmental 
Protection Agency has set the MCLs and Secondary MCLs for constituents to 
ensure that no adverse health effects occur. If a State desires primary 
enforcement authority (primacy) , EPA will certify the program if the State 
meets requirements . Annual evaluations will be per formed to ensure the 
quality of the State program. 

Research, technical assistance, training programs, and funding are 
provided States. EPA may take action if States fail to adopt or proper ly 
implement the regulations. 
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> -st States uhd territories Have assumed primary enforcement responsi- 
bility for enforcement of the regulations. EPA would retain program 
responsibility only if a State is unable or unwilling to meet the minimum 
■:^ u ! r ^ ent:s for primacy. To attain primacy under the Act, a State must 
adopt standards at least as stringent as the Federal primacy standards. 
States are free to adopt and enforce more stringent standards appropriate 
to that State. 

Arid it ion illy the States must: 

o Maintain an inventory of pub ] i ? watec systems. 

Have a systematic prog rain for conducting sanitary surveys. 

o Establish a progra.n for certification of water testing laboratories 
(unless testing is done by approved State laboratories). 

o Assure that new or modified public water systems are capable of 
compliance with State drinking water r emulations , 

Establish procedures for enforcement:. 

o Authority to sue in court for violations 
o Right to entry 

o Authority to require suppliers to keep accurate records and make 
appropriate reports to the State 

o Establish and maintain recordkeeping and reporting of its 
ac t i v i t ies . 

o If Variances or exemptions are permitted, they must be under the 
same conditions as granted under the Federal regulations. 



o Adopt and implement an adequate plan for providing safe drinking 
water under emergency conditions. 

Water Utility Responsibiliti es 

The responsibility of the water purveyor is to meet the primary standards 
set by EPA, or the more stringent State standards. 

These responsibilities include the treatment and monitor ing of 
bacteriological, chemical, and radiological contaminants; recordkeeping 
and reporting of results to State Agencies; and notif icatic of any 
r.nhcoiripl iance to consumers and the public. 

Th e National Secondary Drink ing— Wa ter Reg U -La-t i on s are designed to control 
contaminants that ^f feet the esthetic qual ity of drinking water. High 
concentrations of these contaminants may have health as well as esthetic 
i mpl icat ions . The federally set contaminant levels were set as guidelines 
for State regulations provided in Table 2-4. 
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Table 2-1. Interim Primary Drinking Water Regulations (40 CFR 141} 



Maximum Con taitti riant 
Type of Type of Le Y?^ 

contaminant Name Water System (except as noted) 



\ nor game 
chemical 3 



Arsenic 

Bar ium 

Cadmium 

Chromium 

uead 

Mercury 

Selenium 

Silver 



Community 



0.0 5 mg/1 
1. 

0.010 
0.05 
0.05 
0 .002 

0.01 
0.05 



Fluor ide 
53.7° F & below 
53 .8 to 58.3 
58.4 to 63.8 
63.9 to 70.6 
70.7 to 79.2 
79.3 to 9 0.5 

Nitrate (as N) 



Community & 
Noncommun i ty 



2.4 
2.2 
2 >0 

1.6 
1.4 
10. 



Organic 
c hemicalr, 



Endr in 

Lindane 

Me thoxychlor 

Toxaphene 

2,4-D 

2,4,5-TP Silvex 



Commun i ty 



0.0002 mg/1 
0 .004 

d.i 

0 .005 
0.1_ 
0 .01 



['urn id itv 



Ch lororqanics 



Turbidity at 
representative 
entry point to 
distribution 
system 

Tr ihaiome thanes 



Co.rtmunity S 
Noncommun i ty 



Greater than 
10,000 population 
(if it chlorinates 
water) 



1 TU monthly avg. 
arid 5 TU avg. of 
2 consecutive 
days 



0.1 mg/1 
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Table 2-2- Maximum permissible Microbiological Contaminants (NiPDWR) 



Co 1 > I b r iri Mb r h cd 



Per Month 



Less than 20 20 or More 

Samples per Month Samples per Montis 



Number of n oli form bacteria shall not exceed : 

Membrane filter 1/100 mi 4/100 ml in one 4/100 ml in 5% 

(iOG-mi portions) average density sample of samples 

Coiiform bacte: ia shall not be present in more than : 



Multiple zvhe 10% of 

fermentation portions 
(id-mi por : ons) 



3 portions in one 3 por t ions in 5% 
sample of samples 



Coiiform Meth<xi 



Per Month 



Less than 5 5 or More 

Samples per Month Samples per Month 



Coiiform bactei 



Multiple tube 60% of 

fermentation portions 
(100 -ml portions) 



je pr-esent^ in more than: 



5 portions in more 5 portions in more 
than one sample than 20% of 

samples 



Talole 2-3, Maximum Permissible Radioactivity (NIPDWR)* 



Contaminan t 



Maximum Contaminant Level 
Picocurie per liter (pCi/lj 



Combined Radium-225 and Radium-2 28 
Gross alpha particle activity, including 

Radium-226 but excluding Radon and 

Uranium 



15 



Man -Made 

Tritium (total body) 
Strontium-90 (bone marrow) 

Gross beta particle activity (applicable to 
surface water sources) 



20 ,000 

8 
50 



*Fbr full explanation refer to Part 141, National Interim Primary Drinking 
Water Regulations. 
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VLi 1 ' 1 *? 2-4: Special Monitoring Reqairements Under National 
Interim Primary Drinking Water Regulations i 



Frequency 

Contaminant Surface Ground 



Hod i urn 1 sample annually 1 sample at least 

every ? years 

Cor ros i v it y 2 samples annually I sample annually 

(1 mid summer ) 
(1 mid winter) 



Taole 2-5. National Secondary Drinking Water Regulations 
Maximum Contaminant Levels 



Contaminates Level- 



On lor id e ?5C mg/1 

Color 15 Color Units 

Copper I mg/1 

Foaming Agents .5 mg/1 

Hydrogen Sulfide 0.05 mg/1 

Iron 0.30 mq/1 

Manganese 0.05 mg/1 

(jdor 3 Threshold Odor NLimtier 

pH 6.5-8.5 

Sulfate 250 mg/1 

TDS (Total Dissolved Solids) 500 mg/1 

Zinc 5 mg/1 
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Safe Drinking Water Aet 

Public Law 93-523 
as am§nd§d by Public Lisw ilMOO 
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DWA 

Provide Guidance 
Implement the Law 
lers: Comply With the Law 





rtenm 

linking Water Regulations 
0 CFR Parts 141 & 14 
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Drinking Water Regulation 

40 CFR Parti 141 & 142 
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NiPDWR 

Purpoi^ProtaGf Human Health 
EnterGeability^-Federally Inforeeable 
AppliGabiiitr-AII Public Wafer Systems 
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NIPDWR 

Purpose^Proteet Human Health 
Ehforceabili{y--F8d8rally Enforceable 
App!lcabiii!y— All Public Water Systems 
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Public Water Sys tem 

15 or more service GonneGtions 

or 

25 people at least 60 days/year 




Public Water System 

15 or more service connections 

or 

25 people at least 60 days/year 



id 
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Community Water System 

public system 

IS year round residents or 15 service 

connections 
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• inorganic Ghemicais 

• Organic Chemicals 

• Turbidity 

• Microbiological Contaminant 

• Radioactive Contaminants 




Maximum Contaminant Levels 

• Inorganie Ohamloals 

• Organic Chemicals 

• Turbidity 

• Microbiological Contaminants 

• Radioactive Contaminants 



SI 



ERIC 



Monitoring 

• Frequency 

• Analytical Requirements 

• Records 
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Reporting 

Public Notification 
Record Maintenanc 



%4 



Reporting 

Public Notification 
Record Maintenance 




National Secondary Drinking 
Wate r Reg ulatio ns 

Purposes-- Provide Estheticolly 
Appealing Water 
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National Secondary Drinking 
Wat er Regulations 

Purpos@s=-Provide Esthetically 
ApD*iSng Water 




NSDWR 

Enforceability— No! Federally Enforceable 
Maximum C iH mlnant Levels 
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General 

Wells 

Springs 

Surface Sources 



3a : General 

o Hydrologic Cycle 

o Adequate Quality 

o Adequate guar ¥ J t y 

3b: Wells 

Sanitary Risks 

o Surveying Wells 

3c: Springs 

o Sanitary Ris> 

o Surveying -pH *.Q3 

3d: Surface Sour c 

b Sanitary Risks 

o Surveying Surface Source: 
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UNIT 3a: 



General - 



:he Need To Know 



unit Summary 



Hydrblbgic Cycle 
Adequate Quality 
Adequate Quantity 



Unit Objective--, 



An inspector should be familiar with the 
hydrologic cycle and how it affects the 
quality of water. Additionally, to adequately 
evaluate a water source and system, the 
inspector should know the demands for quantity 
and how they are determined. This unit will 
briefly discuss uhe hydrologic cycle, factors 
affecting raw water quality, and the 
importance of various water demands. 



Approximate Presentation i'i ;ne: 30 minutes 
instructor Material 



o Baric Material 

o Transparencies 3~i through 3-4 
o Overhead projector and screens 
o Chalkboard 

Stu dent Materials 

o Studv. : ' ' s Text, Unit 3a 



o Unit 3a should be . j .ad p r \\l r to ihe 
session . 



Manaa.t of individual Wottr Supply System 

(Par c * ) 
Wac-^r Systems Handbook 

Vater arr" Wastewater Engineering (volume i, 
Chapter 6| 

v/aiT^r Tr tment plant Operation (volume i. 
Ciiabt«rt 2 . ^ 3 1 
e: c -\ . " ■ * O' . \or (Chapter z) 



Log is t Yes 




ei enc : : 



Use Transparency 3-1; 
Introduce a discussion 
of the hydrolog ic cycle 
by explaining how natur < 
contamination • accu 
la to ' in watei ;S it 
fl /.h rough r he parti- 
of. the cycle. Define 
ach component and 
idicate flow direction. 

Transparency 3-2. 

Descr ibe both i fined 
and anccnf inec g u i f c . ; . 

'J:;.* Transparency 3-3 

Ask students to j.:«iritify 
some major sources of 
pclliit ibh . 

L±s^ sources on chalkboard 
as they are suggested 
by students. 



Exp la i n to students 
thc-t these sources 
present: hazards to 
drinking water, and, 
vhere possible * should 
oe noted daring a 
sanitary survey. 



uge questions to 
promote discussion ot 
water and how it might 
become contaminated. 

Use Transparency 3-4, 

h.xpla in the various 
water demands . 



Hyd^rblogic Cyc le '^'Lite's) 

b Slit f act v.citer 
b Ground water 

b Aquifers (cbnt 'nod and uriconfi 
o Sinkho 

o Zone satlii :. ion 
o Flow direction of. 

- evaporation 

- transpirat ion 

- runofr 

- percolation 

- infiltration 



Sources of Water Cc^t a^in jjt^cj j- (5 minutes) 

o Proximity to: 

- nearby sewers 

- waste disposal 

- animal pas' ur ing 

- chemically treated c -; r i cultural 1. rui 

- chemical storage ^r^::s 

- subsurface liqui' </aste disp^ 

systems 

b Impact of high-flood r u -o* 

o Crk-mical cons ti tut ion ' f soil 

above rock 
o Decompos i t 4 on cf organic matter 



.1. ^.at are potential sources of contaminate 
2. Which of the sources are relevant only to 
gror-t.,} water, ; :o surface water, to both? 

Water Denvand (±G minutes) 



o Avcraa'} daily deman. .. 

o *vha ; is average demand? 
o How is it 'aicuiated? 
o Impor tan- ..: to small wr.car 
oyste s~ 

o impact of \naccounted-f or water arid 
and unrealistic water rates 
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Refer -;ge ':' 12 in 

Studer - s ext for <. > • 
for es: Imaging average 
dai ly if <■■ requi re~ 
mentis . 



ximiuTi demand 

o tthat is raximum daily demand? 

o How it is figured? 

o Importance to small water systems? 



o Peak demand 

o What is peak demand? 
c How it is estimated? 
o importance to small water systems? 

o Fire demand 

b What is fire demand? 
b How it is estimated? 
o Importance to small water syrens? 



i'i^TAL^ questions conct riiny Sanitary Risks (10 minutes) 

sahi t ; u y r i tk^ . 

1. Wha* type of source (surface, groi'nu s 
cc ^ination)? 

2. What is the total design production 
capacity? 

3 . What is the pros . nt average daily 
product ion? 

1. What is the maximum daily production? 
■j. Does system have an 'operational" maste' 
meter? 

6. How many service connection: are there: 
7 . Aire service connect ions no Ler ed? 



I ns f : uv-tcSr ' s Marram ive 

!n this uni . ve.wlli be discussing so .rces of water, and it~ adequacy both 
iii terms of quality and quantity. t \ a beginning we should discuss th<e 
hy<h > logic cycle. As the n->me implies there is a contiuous circulation 
of rr list Lire and walcr . As a start poiul ind because of its size with 
r esp ct to the totcl vol isne of V3 t ? r let's pic* up .he eye I'? at the 
■>?an: ?ad*ation from the sun evap^i^t^i water from th^ ocean iiito the 
atmosphere L _ As h he wjt- r vapor rises: it rools, croatlnu clouds From 

* ^iouds r le rnoistu; .■ condenses and fa lie back ■ ^ th earth s sue f *<v 
!n the torm of precipitation. Precipi t a 1 ., ion is ?ss^ntiai iy the source o\ 

• ili ' ; "r £r.»sh wc, ter: Part ol this prec ' pi tat ion , ^tei saturating tS~ 

sl-. t .^ce rs.'.s oti to streams: 'r!:~ water that e-Uf tho soil initially ^ 
'h/taineY r -ht plant root zone "*r I'.one ot a*"?: at ten: tater rot utilized 
by the p..-, its continues on thr< .< tne sub c .,n face formations under th^ 
influence n r gravity. 2v«rit.ua 1 . >' water re: hes a zone where all trie 
Formation , :res are filled with water, the zon? of saturation: iiie upper 
'•'•i-je of "his zone is what is refer re" ir- as a water table. Depend inq on 
'pbgraphy, geology, and he hydrosr at 1 pressure, th wdier moves through 
rie • .tiiratea t->rii;^t ibh and n reappear where the ^ut face intersects the 
w ate i table. The format ions of st*»t_ that are saturated with water . Md 
1 r om wh 1 c h ground wate. .iic;y : o > 1 hed are call e d aqu i f e r s . T' qua ' i i / a s 
aquifer, a geologic for mat *■ 'Si; m; it cent a" in pores or o{ ■ ■ -<>s rlid' 



>! *?^_ w *tft_water .^ nd . .large enough ro permit the water to move at a 

perceptible rate; Aquifers may be either confined or uricbrif iried . 
Uhcohfined aquifers have a free water surface. Confined or artesian 
aquifers have the water surface restricted both vertically arid 
horizontal ly by formations that are impermeable; The water pressure 
within these aquifers is such that when the upper confining layer is 
broken, either by a well or faultline, the water &_il rise above the top 
of the aquifer. In some cases, the water rises above the land surface arid 
an artesian spring or well is created. 

What impact does the hydrologic cycle have on a sanitary survey? The 
inspector must realize. that from the moment of inception, water is being 
contaminated by natural and nanmade sources. The raindrops are formed 
around d«. ; particles. Falling through the air, the water picks up 
additions pollutants such as gases, plant seeds, and chemicals such as 
sulfur , p ' trogen , and carbon dioxide. Upon reaching the surface, water 
becomes jrther contaminated by, for instance, domestic and industrial 
waste . t it passes through subsurface formations it dissolves materials 
tha* t.= :t on the quality of the water. What are some potential sources 
of ~o • • tinat ten? 



Zc -es of Water Contamination 
" t roximi ty to: 

- nearby sewers 

- w^ste disposal 

- animal pastur ing 

- rliemical ly .reated agricultural lar.d 
'hemlca 1 storage areas 

- subsurface liquid waste disposal systems 

- h jhways 

o impact of high-flood runoff 

o chemical and physical characteristics of soil above rock 
o Decomposition of organic matter 



As stated earlier . a survey for potential sources of Contamination within 
c. watershed or recharge zone is no longe " a "sanitary survey." in tact, 
iue to limited resources, time, and personnel, a detailed evaluation c x : 
these areas wiii be beyond the scope of survey; The inspector will be 
concerned with pollution in clos^ proximity of the iter supply source: 
The system bi/r.^r should be questioned as to what provisions are made by 
the water system to limit contaminat ion of the source (e.g. , zoning 
restrictions, control of watershed, restricted use of impoundment , and 
periodic ii . pec ions). 

Oni discussion has thus far dealt with the "quality" aspects of sources. 
There is anofier equally as important factor of adequacy: quantity. In 
providing sufficient quantity of water to meet a system's requirements, we 
must evaluate not only the adequacy of the source, but such things as 
storage Copecity; treatment unit capacities, pump capacities, and 
distr ibutlori systems. in speaking of adequate quantity we refer to 
various types of water demands. Water demand is the total water used by a 
sysi ?rh I ;. . specified period of time. The components of demand are 
resident M', industrial, commercial, ihdiistr lal , public, tire, other water 



ut i 1 1 ties , imi m leakage, unaccoan ted-f or water, and water used in 
treatment,. We will briefly be discussing four types of demand: average 
daily demand, maximam demand, peak demand, and fire demand; 



Average daily demand is the quantity of water atiiized on average day; 
Average daily demand is utilized in determining treatment i:nit capacities 
and raw water pump capacities. Average demand can be estimated by a 
combination of projected population figures and normal water usage 
requirements. Generally, a standard planning guide, such as Table 3-1 on 
page ST 3-12, is utilized in making the estimate. The fact cannot be 
over:U -*sr.ed that tables such as this give "estimates." This figure must 
bo iv-fy .. « J :;ith regional and demographic considerations. As an example, 
the ; r capita consumption can be influenced by lawn irrigation and 
swin ii.g pool usage, which would be a greater factor in the Southwest than 
in northeastern sections of the United States. The surveyor is well 
advised to review local information on water systems of comparable nature 
when evaluating water Usage. 

Tn .'-peaking of max imum deman d, we evaluate two types. Tri3 maximum daily 
• i . •• m < r i d is the greatest amount r-.f water thL - a system will use in one day. 
Experience wztn small residential water systems suggests that the maximum 
day is 1.5 tu 3 times the average day. However, this ratio may not apply 
■ -o other types of water systems. In general, the smaller the water 
system > t:.e greater the vari : ^on between the average and * h<_ maximum 
say . The other type is nax^u.n hourly demand . The maximum hourly demand 
i s the qreatest amount of water that will be used in any ho,r during a 
•;ay. Maximum hourly demand is sometimes referred - ^ as the peak hourly 
semand, although there will be short-term peak demand races lasting for 
several minutes that will exceed thu ximam hourly demand rate. Each 
*-ype of system exhibits its own maximum hourly and short- term peak demands 
' ""he hours peak occurrence wil' vary. As an example, shopping 
.'••rs usually experience hourly peaks in the early afternoon while 
ideht ia I communities may experience two peak hours, about 8:00 a.m. and 
n : (J 0 p.m. The maximum hourly demand is oft>_ i expressed as a ratio of the 
average d.i'.Iy demand in gallons per minute. Generally speaking, the 
-"•n-. ller the system, the greater the ::s;ximuin hourly rate in respect to tn- 
. ■ * aqe -ia i ly rate . 

Maximum deily a -r.unds occur for those specified periods of 

time; Sh< r- are Leferred to as peak demands . This is the 

maxiMum amount . . sssary to meet Lhe peak shout-term demand rate 

trie**- may occur sec . . . : during ? day, but usually during the peak 

ho-., period. he irst a^. t. :umus peak niay last for several minutes, The 
rate is particularly important in consx-Jei. ing the sizing of the storage 
tank in a hydropneuma t ic system. The eff- "'hive storage capacity is 
usually designed to meet these shor t- ter r. ;^aks. Tn the absence of 
rn r f ic ien t effective storage to meet extended peak demands, the wells and 
: ':!:■;. - must be capable of meeting the peak d* —lards .. The smaller the 
svstem, the or: eater the ratio of *rhe peak demand to the average demand. 
;- y xper ierice with small residential communities suggests that the peak 
hourly demand ; n^y range frcm about 6 tc 0 t imes the average daily demand. 




Tir; final type of demand is fire d* . ianc . Ar: adequate system provides 
sufficient water to meet peak demands for domestic , commercial , and 
industrial purposes as well as for f iref ight ihg . Fire demand is the 
amount of water capacity that must be designe 1 into a water system for 
i irefighting purposes: Fire flow is not included in the definition of 
average daily and maximum daily demands and must be added If fire 
protection is desired. Fire flows are usually expressed as 'ailor.s per 
minute to fight a fire of *. certain duration. Local fire underwriters 
will pro'/' > spec t tic r eqalrment on request: 

n logical 4«as* ion at this [ nt might be: "What does this discussion on 
demand hawf- to do witn a sanrtary survey?" There are several sanitary or 
health related impacts that these demands can have. Does the system or 
porti ons of It e rjjn out of wat e. ? This is one of the first questions 
that should be ask, in determining adequacy of a system. If the answer 
is yes, then a defih health problem exists. How much wat^r is being 
Mudufed and for wh au .riis may be a question that : .s difficult to 
•inswer, particularly for smaller systems. Many of these systems not only 
lack service meters but 'lack Piaster meters as well. In these cases, the 
amount of water produced may be estimated from pump rating curves and 
either pump hour meters or electric meters. the impact of unaccounted -for 
water and leak' can J ncrease the per capita demand to as much as 600 gpd . 
This ruts a strain on the source and the mechanical units of the system. 
Unaccounted- for water can have sanitary significance in terms of service 
outdn^y, low pressures; and contamination pro- • ems from cross connections. 

These losses are also ion re venue producing and therefore place a financial 
:>ucden on tha system. Coupled w;*h unrealistic water rats structures, 
this can create real problems as : uired maintenance and replacements 

must he delayed because of lack of funds. 
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'Plio two principal sources bi w<iti*r suppl ies are surface waters arid grbu mi 
waters. Both originate from precipitation. Some of the precipitation 
collects on the surface of the earth lb fbiriri streams, lakes , and other 
sort ace waters. Sorm seeps downward through the earth where it acc omn- 
ia tes in the pore spaces in the soils that overlay rock formations. The 
seepage continues downward and laterally to fill the interconnecting 
joints, cracks, solution channels, pore spaces, and other openings in 
these rock formations below the soils; Ground water is not static and 
tends to move slowly through the substrata, some of it reappearing at the 
edge of streams and lakes or as springs and seepage areas. Energy from 
the sun evaporates water from the earth, streams -, lakes > and seas and 
promotes transpiration of moisture from growing plants to form water vapor 
in the atmosphere. The water vapor forms into clouds which in turn 
produce rain and snow to replenish the surface and ground waters. This 
continuous process is called the hyd r olog ic or water cycle ; and by its 
very nature, water is exposed to both natural and man- induced contamina- 
t ion . 



'.; round Water 



Ground water is the principal source of water for small water supply sys- 
tems. Ground water generally has a more consistent good bacterial quality 
than surface water, having undergone considerable natural purification 
through straining and prolonged storage. However, a number of areas have 
suffered contamination of their ground water due to improper disposal of 
their wastes. Generally it requires little (if any) treatment pr ior to 
use, whereas surface waters invariably require rather sophisticated treat- 
ment. Furthermore, ground waters are readily available in most areas of 
the country in sufficient quantities to meet the needs of small water 
systems . 



precipitation that does not enter the ground through infiltration or is 
not returned to the atmosphere by evaporation flows over the ground 
surface and is classified as direct runoff. Direct runoff is water that 
moves over saturated or impermeable surfaces, and in stream channels or 
other natural or artificial storage sites. The dry weather (base) flow of 
streams is derived from ground water or snowmelt. 



Runoff from ground surfaces may be collected in either natural or 
artificial reservoirs. A portion of the water stored in surface 
reservoirs is lost by evaporation and from infiltration to the ground 
water table from the pond. Transpiration from vegetation in and adjacent 
to ponds constitutes another means of water loss. 

Because surface waters are exposed to potentially severe contamination by 
both man and nature and because the quality of the water varies consider- 
ably, a relatively high degree of treatment is required to ensure its 



* >ri. \ an t :..-ti'ly. The treatment is general ly more soph, isticated than with 
qr-ciurd wa i,rs arid requires iiibre diligent operation arid maintenance an«i 
iriei : co.s ts . 

How 'or, there are occasions when surface water is a source for a small 
wator f.uf ply system bee a- e of the poor quality or lack of local ground 
water: factors being equal, impoundments such r;s natural lakes or 

ponds ; . t . e> voirs, are preferred over streams since the quality of the 
water : , .ait/ lors variable, reducing the extremes in quality; 

£ 1 ^iity T »\. ; a • : 

Precipita it ic.. in the fo:u of rain, snow, hail, or sleet contains very few- 
impurities . r \ ace amour ta of mineral matter, gases, and other substances 
may be entrained as the aiec ipi ta t ion forms and falls through the earth's 
atmosphere; however , the precipitation has virtually ro bacterial content. 

Once prec ipi ta t -.on reaches the earth's surface, many b^pbr tun i t ies are 
pr escntod for the introduction of foreign substances \ a o the water, which 
may Lowe, its quality t.^ the point that it constitutes a health hazard or 
impairs its usefulness. 

Proximity of the water source to nearby sewers, waste disposal, construc- 
tion projects, animal a^staring, chemically treated agricaltaral land, and 
chemical storage areas (such as sait or petroleum) increases the likeli- 
hood of contamination. Other sources of contamination are completely 
natural, such as the impact of high flood runoff, chemical composition of 
soil above tha rock (e.g., the presence of iron), or decomposition of or- 
gan ic ma t ter . 

Substances that alter the qualify of water as it moves over or below the 
stir t ace of the caita may be classified as follows: 

b Organic 
o inorganic 
b Biological 
o Radiological 

Impurities in natural waters depend largely on the circumstances of the 
source and its history. Water destined for an aqaifer picks up imparities 
as it seeps through soil and rock , including possible pollution. Pollution 
sources may include leaking sanitary sewers, septic systems, waste disposal 
sites, and accidental discharges. Uptake of minerals is common. The 
natural straining action does remove some of the particulate matter and, 
combined with a relatively long retention period in the ground, will often 
aid in removing micro-organisms. This long retention time can, however, 
create problems in that ground water once contaminated "can be costly to 
purge in terms of both time and money. Ground waters have a fairly stable 
quality usually not highly affected by seasonal changes. Wells affected 
by seasonal changes tend to be very shallow and subject to easy 
contamina t ion : 
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Wa to-r- Demands 

Tho Project- average d aily demand is the quantity or water projected to 
:^ used by a specific system or part of a system in an average day. This 
:s based u^n ^r-n:e from water meter readings in similar water 
systems over <v: fc*li5r>«5 period of time and reflects the normal seasonal 
and daily varia( ^r.s. For design purposes, it is usually determined by 
estimating the j x ^Mtiori or units of housing or other units arid 
mulipiying by an a;-el;rjfc person or per unit water consumption derived from 
past experience. Oti-rvHter demand terms frequently relate to this basic 
term. The average daily demand will be exceeded on many days so it is not 
appropriate to design merely for the average. For this reason other^ terms 
are used to express the probable g. .ntest amount of water that may be used 
in one day, or other period of time: 

Table 3-1 provides a guide for estimating t Ye average daily demand for 
various types of establishments, in gallon? per day per unit. The unit is 
persons per day unless otherwise indicated. The values shown may vary 
throughout the Nation, and the inspector is advised to review local 
information on water systems serving similar size establishments. 

The maximum dai ly d e m and is the greatest amount of water that a system 
will use in brie day. Experience with small residential water systems 
suggests that the maximum day is 1.5 to 2 times the average day. However, 
this ratio may riot apply to other types of water systems. in general, the 
smaller the water system, the greater the variation between the average 
and the maximum day. 

The maximum hourly dem and is the greatest amount of water that will be 
used in any hour during a day. Maximum hourly demand is sometimes 
referred to as the peak hourly demand, although there will be short-term 
peak demand rates lasting for several minutes that will exceed the maximum 
hourly demand r^.ce. Each type of system exhibits it own maximum hourly 
and short-term peak demands and the hours of peak occurrence will vary. 
As an example* shopping centers usually experience hourly p^aks in the 
early afternoon while residential communities may experience two peak 
hours, about 8:00 a.m. and 6:00 p.m. The maximum Hourly demand "is* of ten 
expressed as a ratio of the average daily demand, in gallons per minute. 
Generally speaking, the smaller the system, the greater the maximum hourly 
rate in respect to the average daily rate. 

Peak— demand is the maximum amount of water necessary to meet the peak 
short-term demand rate that may occur several times during a day, but 
usually during the peak-hour period. The instantaneous peak may last for 
several minutes. The rate is particularly important in considering the 
sizi' * of the storage tank in a hydropneuma tic system. The effective 
stoi capacity is usually designed to meet these short-term peaks. in 
the absence of sufficient effective storage to meet extended peak demands, 
the wells and pumps hiust be capable of meeting the peak demands. The 
smaller the system, the greater the ratio of the peak demand to the 
average demand. Experience with small residential communities suggests 
that the peak hourly demand may range from about 6 to 10 times the average 
daily demand. 
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Fire flow is the amount of water capacity that must be designed into a 
water system for f iref ighting purposes^ Fire flow is not included in the 
definition of average daily and maximum daily demands and must be added if 
fire protection is desired. Fire flow.- are usually expressed as gallons 
per minute to fight a fire. of a cerla oration; Local fire underwriters 
will provide specific requirements or. i -quest; 



Sanitary Risks 

1; What type of source (surface, ground or combination}? 

There are specific risks for each type of source, which will be 
covered in later sections of Unit 3. 



2. What is the total design production capacity? 

Comparison of this figure with present demand figures allows the 
inspector to determine if there is adequate treatment capacity. 

3. What is the present average daily production? 

Comparison of this figure with values for other similar systems on a 
per capita basis may point out problems within the system. An 
evaluation of average daily production trends may indicate problems as 
well. For example, if consumption is excessive or production trends 
are increasing without an accompanying population or use increase, 
leakage within the distribution system may be indicated. 

A. What is the maximum daily production? 

Comparison of this figure with design capacity allows determination of 
adequacy of treatment capacity. 

5. Does syst :n have an "operational" master meter? 

Without an operational and calibrated master meter,, it is difficult 
for the utility to accurately monitor production. 



6. How many service connections are there? 

This figure provides the inspector with an idea of the size of the 
system; this means the total number of homes and businesses served by 
the system. it should not include connections for vacant lots. 

7. Are service connections metered? 

This allows a water balance to be made. There is also a correlation 
between metered service and water conservation. if the system is 
metered, the per capita consumption is reduced. 

A review of the system's records and operator responses should provide 
answers to these questions. 
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Tabte 3-1 . Guide for Estimating Average Daily Water Requirements* 
(Adapted from various sources for small water systems) 

Type of Establishment (The unit per person Average Daily Use «;gpd) 
unless otherwise s tated ) 



Airport (per passenger) 3-5 
Assembly Halls (per seat) 2 
Camps - Child, dvernite, central facilities 40-50 

- Construction 50 

- Migrant labor 35-50 

- Day type; no meals served 15 
Churches (per member) 1 
Cottages , season occupancy 50 
Clubs - Residential 100 

- Nonresidential 25 
Factories, sanitary uses, per shift 15-35 
i v <ed Service - Restaurants 7-10 

- With bars 9-12 

- Fast food 2 
Highway Rest Areas 5 
Hotels (2 persons per room) 60 
Institutions - Hospitals (per bed) 250-400 

- Nursing Homes (per bed) 150-200 

- Others 75-125 
Office Buildings 15-30 
Laundries, self service (per customer) 50 
Motels (per bed) 60 
Parks - Day use (with flush toilets) 5 

- Mobile homes (per unit) 2 00 

- Travel trailers (per unit) 90-100 
Picnic Areas (with flush toilets) 5-10 
Residential Communities 

- Multi-family (per bedroom) 120 

- Rooming house and tourist 

homes type (per bedroom) 120 

- Single family type (per hcuse) 400 
Resort Motels and Hotels 7 5-100 
Retail Stores (per toilet room) 400 
Schools - Day, no showers or cafeteria 15 

- Day, with cafe teria 20 

- Day* with showers and cafeteria 25 

- Residential types 75-100 
Shopping Centers, per sq . ft. sales area 0.16 
Swimming Pools and Beaches 10 
Theaters - Drive-in (per car) 3-5 

- Others (per seat) 3 



*The values listed in Table 3-1 are for normal water requirements and do 
not include special needs or unusual conditions. State and local require- 
ments may vary from those provided in this table. Additional allowance 
should be made for frequent lawn Watering, swimming pool maintenance, 
industrial or commercial process water, cooling water, f i r e f ight irig , jnH 
^ther special uses. 
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UNIT 3b; Wells - "The Need To Know" 



In it Summary 

Types and Characteristics 
Sanitary Risk Factors 

Exercise I: .Identifying Sanitary Risk 

Surveying Wei Is 

Exercise II: Surveying Wells 



Unit Objectives 

ft major function of the sanitary survey is to 
determine the degree of protection afforded 
the source. At the end of this unit the 
s tudent should know : 

1. Characteristics and components of 
we 1 1 s 

~. Sanitary risks to wells and how to 
identify them 



l;og is t ics 

Approximate Presentation Time : 60 minutes 
Instructor Materials 



o Basic material 

o Transparencies 3-5 through 3-11 
6 Overhead projector and screen 
b Chalkboard 

Stude nt Material s 

o Student's Text, unit 3b 



S t u dent Prepara t ion 



o Unit 3b should be read prior to the 
sess ion . 

Un it References 

6 Small Water Systems Serving 

the Public (Chapter 5) 
b Manual of Individual Water 

Supply Systems (Part TI ) 
o Groundwater arid Wells 
o Well Drilling Operations 

o Water Supply System Operation (Chapter 3) 
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Br i efly describe 
differences between 
each type of well. 



Use Transparency 3-5. 



(5 minutes) 

o Drilled 

o Driven/Jetted 

o Bored 

o Dug 

3 ; Com ponents ( Id minutes) 



Use Transparency 3-6 to 
discuss components. 



o Casing 

o Sanitary seal 

o Grout 

o Pttless adapter 
o Screen 
o Pump 
o Vent 



San itary 



cs (30 minutes) 



Bri efly doscr 1 be 
importance of each 
question oh checklist. 



1 . Recharge Area/Surface ftrea 

a. Is recharge area protected? 
o Ownership 
o Fencing 
o Ordinances 



Provide personal 
exp eriences or 
anecdotes to relate 
course material to 
actual situations an 
inspector may 
encounter . 



b: What is nature of recharge zone? 

o Agricultural 
o Industrial 

o Residential 

o Other 

Emphasize that activities on 
recharge zone can impact on the 
quality of ground water. 



c. Is site subject to flooding? 
o Impact of drainage of 

immediate area, 
o Problems of well field in 

floodpiain of less than 

lee-year flood. 



Explain to students 
that activities of a 
water utility immed- 
iately adjacent to a 
well can have adverse 
impact . 



Is well located in proximity of a 
potential source of pollution? 



Table 3-2. Sanpie Minimum blotancea Between Walla arid Pollution Sourc 









Source 


Poet from Weil 


Hcmar ko 


Wa ter t ight Sewer a 


50 




Other Sewer a 


100 


Consult the State 


Sept lc Tanka 


i bo 


regulatory agency 


Suwaijo Field, bod or Pit 


a u (j 


iur o p«* c i a 1 local 


Ani^jl Pcrin arid Yarda 


2i>\3 





Sou r ce t 



mall Water Syatemn Serving thii i'ubllc, Chapter 
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Use Transparency S 1 



Points of Risk on Transparency: 

1. Flooding from stream 

2. Septic tanks 

3: Filling station tanks 

4 . Severs 

5. Fuel storage on site 

6. Proximity of highways 

(salt and spills) 

Well Data 



las ize import- 
ance of measuring 
d rawdown . 



a . Depth of wel 1 

b . Drawdown 

d What is the well's drawdown? 
o How is it measured? 



3 . Construction 



Use Transparency 3-8. 

Explain importance of 
information requested 
by: each question. 



b. 



Depth of casing 

o Protection against surface waters 
and undesirable aquifers 

Depth of grout 

b Protection against surface water 

contamination _ 
b Minimum of 20 feet recommended 



c. Does casing extend at least 12 inches 
above the floor or ground? 

b Protection against flooding 



Explain that concrete 
pad by itself is not 
sufficient because of 
burrowing animals and 
erosion . 



d. Is well properly sealed? 

o Concrete pad in good condition 
o Well head seal 



Does well vent terminate 18 inches 
above ground/floor level or above 
maximum flood level with return bend 
facing downward and screened? 

o Keeps contaminated water arid 
animals from entering well . 



Does well have suitable sampling cock? 
b Sampling cock at well point is 

helpful in identifying location 
of problems. 



g. Are check valves, blowoff valves, and 
water meters maintained and operating 
properly? 
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' r;e Transparencies 3 10 
and 3-11 to discuss 
def ic iene ies ; 



h: Is upper termination of well protected 
( housed , Fenced , bar r ier ) ? 

i . is lighting protect. Ion provided ? 

4 . Wei 1 PUitips 

a. Is intake located below the maximum 
drawdown? 

b. Are foot valves and/or check valves 
accessible for cleaning? 

D ; Kva luat ion of Risks (15 minutes) 

D eF icienc les 

1. Proximity of septic tank 

2 . Proximity of underground fiiel tank 

and 1 iries 

3 . Use of weM pit 

4. Improper well vent 

5. Lack of lighting protection 

6. Lack of drain in well pit 
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i;p 1 1 Siim:r,.u y 

Typos arid Characteristics 
Sanitary Risk. Factors 
S u r v e y i n q Wells 



Small Water Systems Serving the Public (Chapter b ) 
Manual of individual Water Supply Systems (Part II) 
Ground Water and Weils 
Weil Drilling Operations 

Water Supply System Operation (Chapter 3) 



Basic Material 

To reach the ground waters underlying the earth's surface, a well must be 
constructed to penetrate the desired Water-bearing strata. These 
structures may be dug, driven, bored, jetted, or drilled^ depending on the 
geological formations through which they must pass and the depth to which 
they must reach. Dug, driven, bored, and jetted wells are usually 
confined to relatively soft soils overlaying rock and to shallow depths 
normally less than 50 feet (15 meters). Wells using these sinking methods 
should not be constructed for use as public water sources unless 
specifically approved by the State regulatory agency . Drilled wells may 
be used in both soft and hard soil and in rock and may be sunk to depths 
of several hundred feet. 

Drilled wells can be constructed in all instances where driven arid jetted 
w-lls might otherwise be used and in many areas where dug and bored wells 
are constructed . The larger diameter of a drilled well , compared with a 
driven or jetted well, permits use of larger pumping equipment that can 
develop the full capacity of the aquifer. 

There are various components of a well, many of which cannot be observed 
by the sanitary surveyor. some of the more important ones follow. 

well casing is instilled in wells to prevent the collapse of the walls 
of the bore hole,, to exclude pollutants (either surface or subsurface) 
from entering the water source, and to provide a column of stored 
water and a housing for the pump mechanisms and pipes. 



1 r ^jfe> h-t jji < >u t i:; iised o (ill the annular < > | - r i spaor 3 «•! t .1 round t h*- 
outside of the we 1 i casing during construction to pM*v»-nt uixif: i ; ;t! !. 
water and con tain iha • i ■ >ri from enter irig the" well. 

?. ; .: r .V- c :"-. s nr0 r«"taii._M.i at the intake point ol the well to hold hack 
unstable aquifer material and permit free t low ol water into Hii* 
well. The well screen should be of good quality (cor rds ion-res : ..t , 
hydraui icaily efficient, and with qood structural proper tios" J . 

W H 1 head covers or seals are used at the top of the casimj or pipe 
s Leeve connections to prevent contaminated water or other material 
from entering the well. ft variety of covers and seals are available 
to meet the variety of conditions encountered, but the principles and 
the objective of excluding contamination are the same. 

Pit loss adapters are used to eliminate the need for a well pit. 
Because of the flooding and pollution hazards involved, a well pit to 
house the pumping equipment or tc. permit accessibility to the top of 
the well is not recommended. Some States prohibit its use. These 
units vary in design but generally include a special fitting designed 
for mounting on the side of the well casing. The well discharge and 
other piping are screw- threaded into the fitting, providing a tight 
seal. The pitless system permits the connection of the well piping to 
the casing underground below frost depth and, at the same time, 
t\ rovides _ for 9°°a accessibility to the well casing for repairs without 
excavat ion . 

Sa nitary Risks 

1. ""s Lwe aquifer recharge area protected? What is the nature of the 
recharge area? 

The nature of activities on the recharge zone and whether or not they 
ar< controlled can influence the quality of the water source. This 
information can assist the inspector in the identification of the 
potential source. The recharge area can be protected by means ranging 
from ownership of the area by the utility with restricted access to 
zoning laws prohibiting the use of subsurface waste disposal (septir 
tanks). The owner/operator should know this information. 

2. is the site subject to flooding? 

The introduction of surface waters into the well should be avoided. 
RUricf f in the immediate area should be drained away from the well 
site. The well field should not be placed in a f loodplain (100-year 
flood). To protect a well is easier than to clean an aquifer once it 
is contaminated. Information on flooding and site drainage may be 
obtained from the owner/opera tor , visual inspection , arid flood stage 
records. The exposed casing should terminate 18 inches above known 
flood level . 

3. Is the well located in the proximity of a potential source of 
pollution? 
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.it ** i irtjiil.it.ot y agi-noy :.l wuid he consulted tor its policy cor*- 
o<>rn:-M location , par t Lcii lar ly the minimum protective distances 

: "\*: w !."' :i tho .. w ^ 11 3ntl sources of "existing or potential pollution. 
■ ihIe *' 3 an _ oxam ^ lG __ of typical minimum i distances. these distances 

..i e bated on general experience and are not guarantees of freedom from 
contamination. The water purveyor should provide even greater pro tec- 
t ion where possible. The table applies to properly constructed wells 
with protective casing set to a depth of at least 20 feet below ground 
suit.. ice. Other L/rx^s of weiis will require special considerations. 



ampir Miriiruni LHiitancos Between Wells and dilution Sources 



Feet from Well 



Remarks 



Wa t e 1 t .1 g h t Sewer s 
nt her Sewers 
Septic Tanks 

Sewage Field, Bed or Pit 
Animal Pens and Yards 



r ;0 
100 
1 0 0 
200 
2 00 



Consult the State 
regulatory agency 
for special local 
requirements . 



: o » : Srna 1 1 Wa t e r Sy s te ins Se rvinn th e Pub lie, Chapt er 5 . 
What is the depth of the well? 

The greater the depth of the aquifer utilized, the less chance of 
surface contamination degrading the v^ter quality. IV per aquifers 
lener al ly have a more consistent quality of water. 

What is the Well drawdown? 

Drawdown is the difference between static Water levels and pumping 
water levels . Measuring drawdown is important since changes in draw- 
down can indicate problems in the aquifer {declining water levels) or 
welt (incrustation, sand). The operator should be able to provide this 
information. If the operator is riot measuring drawdown, he/she should 
be encouraged to do so. 



What is the depth of the casing? 



The casir;g mu~t be strong enough to resist the pressures exerted by 
the surround ing materials and corrosion by soil and water environments, 
The casing mast be of the proper length to provide a channel from the 
aquifer to the surface through [instable formations and through zones 
of actual or potential contamination. The casing should extend above 
potential levels of flooding and should be protected from flood water 
contamination and damage. In unconsolidated soils, the casing should 
extend at least 5 feet (1.5 meters) below the estimated maximum 
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expected drawdown level. In consolidated rock formations, the casing 
should extend 5 feet (i.5 meters) into firm bed rock and sealed into 
place. the operator should be able to provide this information; 

What is the depth of grouting? 

Specific grouting requirements of a well depend on the existing 
sarface conditions, especially the location of sources of pollution, 
and the subsurface geologic and hydrologic conditions. To achieve 
the desired protection against contamination , the annular space must 
be sealed to whatever depth is necessary, but in rid case less than 20 
feet. 

Does the casing extend at least 12 inches above the floor or ground? 

This provides protection against surface runoff or drainage 
problems. The 12 inches is recommended when there is no potential 
for flooding. 

Is the well properly sealed? 

Well head covers or seals are used at the top of the casing or pipe 
.sleeve connections to prevent contaminated water or other material 
from entering the well. A variety of covers and seals are available 
to meet the yar iety of conditions encountered , but the principles and 
the objective of excluding contamination are the same. Well covers 
and pump platforms should be elevated above the adjacent finished 
ground level and should be sloped to drain away from the well 
casing. Well pits should not be used, since they may result in 
contamination. Pitless adapters are used to eliminate the need for a 
well pit. Because of the flooding and pollution hazards involved, a 
well pit to house the pumping equipment or to permit accessibility to 
the top of the well is not recommended. Some States prohibit its 
use. A concrete slab around the well casing is not a completely 
reliable seal, since burrowing animals arid insects can undermine it 
or it can be broken or cracked from frost heave or vehicles. 

Does the well vent terminate 18 inches above ground/floor level or 
above maximum flood level with return bend facing downward and 
screened? 

This is to keep water (from water cooled bearings for example) , dust > 
insects, and animals from entering the well casing. 

Does the well have a suitable sampling cock? 

This is important when trying to isolate sources of contamination in 
a well field. If there is a well field and individual sample cocks 
are not provided, it is difficult to determine if one or all wells 
are the problem; 



ST 1-1*) 

1 n 



Are check valves, biowoff valves, and water meters maintained and 
ope r a ted pr ope r iy ? 

Valves should be maintained and operated to prevent contamination 
from entering the well. 

Is the upper termination of th > well protected? 

The upper termination of the well should be either housed or fenced 
to protect it from vandalism arid vehicle damage. 

Is lightning protect ion provided ? 

Lightning surges can develop in power lines daring thunderstorms. 
Such surges can damage pump motors, creating loss of water supply as 
well as costly repairs. To protect against this, lightning arrestors 
- »n be provided where service lines are connected to service entrance 
ibles or at the motor control box. A multiground arrangement can be 
provided that grounds the entire pump and well against damage. 

T.- pump intake located below maximum drawdown? 

Tnis prevents the pump from running dry as well as protects against 
contamination in upper por tic of water table from being pumped. 

Are foot valves and/or check valves accessible for cleaning? 

Ag with above-ground valves, these valves must be maintained in an 
operating manner to prevent flow of undesirable Water into the well. 
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UNIT 3c: Springs - "The Need To Know 



I T n i t Si::nma r y 



Spring Source Collection System Components 
Sanitary Risk Factors 



A major function of the sanitary survey is to 
determine the degree of protection afforded the 
source . Spr ings are sometimes used as public 
Water sources. At the end of this unit, the 
student should know: 

1- Characteristics of springs 
2. Sanitary risks to springs 



A pproximate Presentation Time : 45 minutes 
Instructor Ma ter ials 
b Basic material 

o Transparencies 3-12 through 3-16 
b Overhead projector and screen 
o Chalkboard 

Student Materials 

o Student's Text, Unit 3c 
Student Preparation 

o Unit 3c should be read prior to the session. 
Unit References 



b Small Water Systems Serving the Public 
(Chapter 7J_ 

b Manual of Individual Water Supply Systems 
(Part II) 



i in i t OH j ectives 



T/oq i s t ics 
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Use Transparency 3-12. 

Use Transparency 3-13. 
Point out major components 
of each type. Ask students 
to describe the function of 
each component . Explain as 
necessary . 



A : Spring Collection System Components 
(10 minutes) 

o Spring flow interception 

o Storage tank/col lection chamber 

o Screened overflow 

b Valved supply intake 

b Drain 

b Tank/chamber cover 

o Screened supply intake 



Use Transparencies 3-14 
and 3-15- 



B. I nf jlty^ ttnn Galleries (5 minutes) 
Components 



Point out major component . 



o Screen 

o Collector pipes 

o Gravel and sand bed 

o Backfill 

o Sump 

o Drainage 



Use personal experiences 
and anecdotes to relate the 



course material to actual 
situations an inspector 
may encounter during a 
sanitary survey. 



C . Sanitary Risks (30 minutes) 

1 , Recharge Area/Surf ace- Ateju 
a . is recharge area protected? 
o ownership 
o Fencing 
o Ordinances 



Emphasize that activities 
on recharge area have greater 
impact on water quality 
of springs than of wells. 



b. What is nature of recharge area? 
o Agricultural 
o Industrial 
o Residential 
o Other 



c . Is site subject to flooding? 



Use Transparency 3-13. 
Briefly explain importance 
of items . 



Const ruction 

Collection chamber 
o Watertight 

b Adequately covered arid locked 
b Drain provided for clearibut 
o Proper overflow provided 

Supply intake 
o Screened 
o Properly located 



3 . Site Protection 

a. Diversion ditch for surface drainage 

b. Site fencing with secured access 

4. Water Quality 

What conditions cause changes to 
quality of the water? 
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Use Transparency 3-16. Evaluation of Springs" 

Have students identify 

deficiencies of illustration. Deficiencies: 



b Inadequate cover (not tight fitting; 

not lockablej 
b Proximity to pollutant source 
o No site fencing 
o No drain 
o No exterior valves 
o Improper overflow (no screen, no 

overflow drainage provisions) 
o No surface drainage division 
o improper .intake (located on bottom, rib 

screen ) 
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UNIT 3c: Springs 



Unit Summary 



Spr ing Source Collection System Components 
Sanitary Risks 



! t References 



Small Water Systems Serving the Public 
(Chapter 7) 

Manual of Individual Water Supply Systems 
(Part IT) 



Phr.ic Material 

To properly develop a spring supply, the natural flow of ground water must 
bo captured below the ground surface, and the method used must not 
contaminate the water. Springs are subject to contamination by wastewater 
disposal systems, animal wastes, and surface drainage. Springs are also 
susceptible to seasonal flow variations, and the yield may be reduced by 
the pumping of nearby wells. 

Springs may be gravity or artesian. Gravity springs occur where the 
water-bearing stratum overlays an impermeable stratum and outcrops to the 
surface. They also occur where the land surface intersects the water 
table, this type of spring is particularly sensitive to seasonal 
fluctuations in ground water storage > and frequently dwindles or 
disappears during dry periods. Gravity springs are characteristically 
low-yielding sources, but when properly developed th<*y may be satisfactory 
for Small water supply systems. 



Artesian springs discharge from artesian aquifers. They may occur where 
the confining formation over the artesian aquifer is ruptured by a fault 
or where the aquifer outcrops at a lower elevation. Artesian springs are 
usually more dependable than gravity springs, but they are particularly 
sensitive to the pumping of wells developed in the same aquifer. As a 
consequence, artesian springs ma^ be dried up by nearby well pumping. 
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Im ^ rtant crit ?r i ?..f°?_ s P rijl1 9 sources include selection of a spring with 
acceptable water quality, development to the required quantity of waters 
^?^.^ : "\-. t ^y..P^P^? c ?lP?_9^ the spring collection system. The measures 
taken to develop a spring mast be tailored to the prevailing geological 
conditions . 

Spr ing Source Collection system 

Sprin g flow is intercepted by a system of perforated pipes driven into the 
wai er-bear irig stratum or laid in gravel-packed trenches. The flow is 
directed into a storage tank. As alternative, a watertight concrete 
collection chamber is constructed w .th openings in the bottom and/or a 
side wall to intercept the flow. This chamber may also serve as the 
storage tank . Where possible, the walls of the collection chamber should 
extend to bedrock or the impervious stratum. The watertight walls should 
extend 9 or more inches above ground to prevent entrance of surface 
water. hn overlapping (shoe-box) cover will prevent entrance of debris. 

The tank is usually constructed in place with reinforced concrete to 
intercept as much of the spr ing as possible, when a spring is located on 
a hillside, the downhill wall and sides are extended downward to bedrock 
or impervious soil to ensure that the structure will hold back water to 
maintain the desired level in the chamber . Supplementary cutoff walls of 
concrete or impermeable clay may be used to assist in controlling the 
water table in the vicinity of the tank . The lower portion of the uphill 
wall of the tank must have an open construction to allow water to move in 
freely while the aquifer material is held back . Backfilling with graded 
gravel will aid in restricting movement of aquifer material. 

The tan k cover should be cast in place to ensure a good fit. The cover 
should extend down over the top edge of the tank at least 2 inches, should 
be heavy enough to prevent dislodging by children, and should be lbckable. 

A drain pipe with an exterior jyaXv^ should be placed close to a wall of 
the tank at the floor level to permit draining. The end of the pipe 
should extend far enough to allow free discharge to the ground surface, 
away from the tank . The discharge end of the pipe should be screened to 
prevent nesting by animals and insects . 

The overflow is usally placed slightly below the maximum water-level 
elevation. The overflow should have a free discharge to a drain apron of 
rock to prevent soil erosion at the point of overflow and should be 
screened . 

The supply intake should be located about 6 inches above the floor and 
should be screened. Care should be taken to ensure good bond between 
pipes and the concrete structure. 



Infiltration Galleries 

Recreational or other developments located in the mountains may have 
access to a head water mountain stream where the watershed is generally 
heavily forested and uninhabited by man. However, after periods of heavy 
rainfall or spring thaws, debris and turbidity may cause problems at the 



ST 3-25 

115 

ERIC 



water intake and will materially increase the required degree of 
^? a tment; If the conditions are suitable, this problem can be avoided by 
constructing the intake in an underground chamber (infiltration gallery) 
along the shore of the stream or lake; 



Galleries may be considered where porous soil formations adjoin a stream 
°l J!* 6 S ° the water can be intercepted undergound to take advantage 

of natural filtration. Any. gallery access structu- should be locked 
above the level of severe flooding. 

A rvpical installation generally involves the construction of an 
imderdrained, sand filter trench located parallel to the stream bed and 
about 10 feet from the high water mark. The sand filter is usually 
located m a^trench with a minimum width of 30 inches and a depth of about 
±0 feet, sufficient to intercept the water table. At the bottom of the 
trench, perforated or open joint tile is laid in a bed of gravel about 12 
inches in thickness, with about 4 inches of graded gravel located over the 
tile to support the sand. The embedded tile is then covered with clean 
coarse sand to a minimum depth of 24 inches, and the remainder of the 
trench backfilled with fairly impervious material. The collection tile 
drains to a watertight, concrete chamber from which water may flow to the 
distribution system by gravity or pump, whichever is appropriate. 
Chlorination is generally necessary and may be done in the chamber or at 
another place, but prior to any use. 

Where soil formations adjoining a stream are unfavorable for the location 
of an infiltration gallery, the debris and turbidity that are occasionally 
encountered in a mountain stream may be controlled by constructing a 
modified infiltration gallery in the stream bed. 

If a natural pool is not available in the stream bed, a dam is usually 
constructed across the stream to form a pool. The filter is installed in 
the pool by laying perforated pipe in a bed of graded gravel, which is 
then covered by at least 24 inches of clean, coarse sand. About 24 inches 
of freeboard should be allowed between the surface of the sand and the 
surface water level. The collection lines may terminate in a watertight 
concrete basin located adjacent to the upstream face of the dam from where 
the water is diverted to chlorination facilities. 

Sanitary Risks 

1. Is the recharge area protected? 

2. What is the nature of the recharge area? 

3. Is the site subject to flooding? 

The rationale for the above questions is the same as that for wells. 

4. Is the collection chamber properly constructed? 

The collection chamber should be watertight to prevent the inflow of 
undesirable water. The tank cover should be impervious and lockable. 
The drain should have an exterior valve and the exterior end 
screened. The overflow should have a free discharge to a drain apron 
to prevent soil erosion. This information may be obtained by 
inspection of the collection chamber. 
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is the supply intake adequate? 

The supply intake should be located 6 inches above the chamber floor 
and screened. This location reduces the withdrawal of the sludge that 
may build up in the chamber. 

Is the s i te adequately protected? 

The following precautionary measures will help ensure spring water of 
consistently high quality: 



o Diversion of surface drainage from the site. A surface drainage 
ditch should be located uphill from the source to intercept 
surface water runoff and carry it away from the source. Springs 
in close proximity to agriculturally developed land treated by 
pesticides and herbicides may be particularly susceptible to 
contamination . 

6 Protection from stray livestock and from tampering by means of 
s i te fencing , locked covers , and warning s igns . 

7; What conditions cause changes to quality of the water? 

A marked increase in turbidity or flew after a rainstorm is a good 
indication that surface runoff is reaching the spring. 




UNIT 3d: 



Surface Sources 



- "The Need To Know 



it 



Unit Summary 



Types and Characteristics 



Sanitary Risks 



Unit Objectives 



A major function of the sanitary survey is to 
determine the degree of projection afforded the 
source. in this unit the sanitary risks of surface 
sources will be highlighted "and the methods of 
evaluating these risks discussed. 



Approximate Prrsentatton Time: 45 minutes 



o Basic Material 

o Transparencies 3-17 through 3-19 
o Overhead projector and screen 
o Chalkboard 

Student Material 

O Student *S Text , Unit 3d 

S trnd^ nt Preparation 



o Unit 3d should be read prior to the session. 



o Cmail Water Systems Serving the Public 
(Chapter 8) 

b Manual of Individual Water Supply Systems 
(Part III) 

b Water Treatment Plant Operation (volume 

1, Chapters 2 and 3) 
b Water Supply System Operation (Chapter 2) 



Lbgi sties 




Unit References 



ERLC 



3-15 

Us 



Use Transparency 3-17. 

Use Transparency 3-18. 

Use the cistern as an 
example of how a cbh~ 
trolled catchment 
functions • 

Explain that use of 
cisterns should be 
discouraged if other 
adequate sources are 
available • 



A. Types and Characteristic s (15 minutes) 
Con 4 - rolled Catchments (5 minutes 



o 
o 
o 
o 
o 



Collects rainfall runoff from defined area 
Water stored in cistern or reservoir 
Predictable yield (historical data*> 
Pb 1 iutarit exposure controllable 
System components 

- Watertight collect ion chamber 

- Initial runoff diversion 

- Screened intake, overflow, drain lines 
Larger systems involve paved ground area 

for collection 



Use questions to guide 
class discussion. 



Use Transparency 3-19. 

Discuss potential 
problems involved 
in watershed use 
for small systems • 



1« What is the purpose of a roof washer? 
2. What potential pollution sources mi edit 
contaminate this system? 

Pbr is/Lakes (5 minutes) 

b Collect runoff from watershed 

o Predictable yield 

o Large storage capacity 

b Watershed control essential 

- Protection from pollution sources 
Protection against erosion, drainage 

from animal areas, etc. 
o System components (ponds) 

- Area; minimum 1-year storage 

- Fenced 

- Minimum depth: 8 feet 

- Screened inlet 



Use questions to guide 
class discussion. 



Explain use of streams 
as source. 

XnLsjt pros and cons of 
system on chalkboard. 



Draw rough sketch of 

a typical intake system 

on chalkboard. 



1. What factors should be considered when 
describing a pond or lake? 

2. Is control of activity or watershed 
necessary? If bo, to what degree? 

3. How might watershed control be, accomplished? 

Streams and Rivers (5 minute s ) 

o Less desirable source 

- Large watershed 

- May require very high treatment levels 

- Sensitive to adverse temperature levels 

typical during low-water stages 
o High water stage best for diverting water 
to storage 

o System components 

~ Screened intakes located ups cream firbm 
pollutant sources 

- Storage reservoir 
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Use question to guide 
class discussion. 



1. What factors ire of particular importance in 
evaluating the use of streams as sources? 



Sanit^r-y SOr ve y of — S urfa ces Waters (30 minutes) 



Explain, impact of 
watershed activities 
cn water quality; Note? 
hazards of types of 
land use • 



1. What is the nature of the watershed? 
o Industrial 
o Agricultural 
o Forest 
o Residential 



Give an example of a 
vat* s rsh r d control 
program l^ee Chantr^ 3, 
tva*:er Treatment Plant 
0*)Oi. i tioh j . 

Des-:r ibe ex Jectivi ^ss 

of tvpos of cor trn . • 



2. What is the size of the owned/protected area 
of the watershed? 

n Importance of protecting watershed 



3. How is the watershed controlled? 
o Ownership 
b Ordinances 
b Zoning restrictions 



3. Has management had a watershed survey 
performed? 

o Importance of utility to be concerned 
with land use of watershed 



Emphasize importance of 
contingencv planning to 
student s * 



5* Is there an emergency spill response plan? 

o I dent if icatior of potential spill sites 

and _types of contaminants 
b Need for spill plan 
6 Need for prior coordination 



6 . Is the source adequate in quantity ? 
b Present demands 
o Future demands 
o Trends 



U so pex s o na 1 e xpe rience s 
and anecdotes to relate 
course material to actual 
situations an inspector 
may encounter. 



7 • Is the source adequate in qua lit y? 
o Present quality 
o Trends 

8. Is there any treatment provided in the 
reservoir (algae control > insect control , 
chemical addition ) ? 



Describe necessity to 
control area immediately 
around intake. 



9. Is the area around the intake restricted for 
a radius of 200 feet? 

o Reduce bacterial and organic 
contamination 
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Dra w examples of 
intake structures on 
blackboard . Discuss 
both stream and 
impoundment intakes . 



Have Students suggest 
conditions that might 
influence water quality, 



10. Are there any sources of pollution in the 
proximity of the intakes? 
b Boat launching ramps 
b Marinas 

b Wastewater discharges 

11- Are multiple intakes, located at 
different levels, utilized? 

o Spring/fall turnover 

o Ability to draw best quality water 

12. Is the highest quality water being drawn? 

o Raw water testing 

13. How often are intakes inspected? 

o Screen integrity 
b Periodic cleaning 

14 . What conditions cause fluctuations in 
quality? 

O Fain 
O Wind 
o Curents 

15. Review of dam inspection (if applicable in 
State ) 

o Burrowing animals 

o Trees 

o Sinkholes 
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UNIT 3d: Surface Sources 



Unit Summary 



Types and Character is t ics 
Sanitary Risks 



Un 1 1 Re f eroncfr, 

Sma 1 1 Wa t e r Sy s terns Serving the Public 
(Chapter 8) 

Manual of Individual Water Supply Systems 

(Part III) 
Water Treatment Plant 0 per at ion 

(Volume 1, Chapters 2 and 3) 
water Supply System Operation (Chapter 2) 



lias ic Ma ter ia 1 

Surface water sources used for small Water supply systems require consid- 
eration of additional factors riot usually associated with ground water 
sources. When small streams , open porids, lakes, or open reservoirs must 
.So used as sources of water supply, the danger of contamination and of the 
consequent spread of intestinal diseases such as typhoid fever and dysen- 
tery is generally increased. Clear wstcr is not always safe, and the old 
saying that running water "purifies itself" to drinking water quality 
wtthin a stated distance is false. 

The physical, chemical > and bacteriological contamination of surface water 
makes it necessary to regard such sources of supply as unsafe for domestic 
use unless reliable treatment, including filtration and disinfection^ is 
provided. The treatment of surface water to ensure a constant, safe 
supply requires diligent attention to operation and maintenance by the 
owner of the system. Principal sources of surface water that may be 
developed are controlled catchments > ponds or lakes, surface streams, and 
irrigation canals. Except for irrigation canals, where discharges are 
dependent on ir r iga t idri act iv i ty , these sources derive water from direct 
precipitation over the drainage area. 



Controlled Ca tchments 



In some areas, ground water is so inaccessible or so highly mineralized 
that it is hot satisfactory for domestic use. In these cases, the use of 
controlled catchments and cisterns may be necessary; A properly located 
and constructed controlled catchment and cistern , augmented with a 
satisfactory filtration unit and adequate disinfection facilities, will 
provide a safe water. However, cisterns should be utilized only when no 
other source is available. 

ponds/Lakes/Reservoirs 

The development of a pond as a supply source involves: (1) selecting a 
watershed that permits only water of the highest quality to enter the 
pond, (2) using the best water collected in the pond, (3) filtering the 
water to remove turbidity and reduce bacteria, (4) disinfecting filtered 
water, (5) properly storing the treated water, and (6) properly 
maintaining the entire water system. 

The value of a pond or lake as a source is its ability to store water 
during wet periods for use during periods of little or no rainfall. A 
pond should be capable of storing a minimum of one year's supply of 
water. It must be of sufficient capacity to meet water supply demands 
during periods of low rainfall with an additional allowance for seepage 
arid evaporation losses. The drainage area (watershed) should be large 
enough to catch sufficient water to fill the pond or lake during wet 
seasons of the year . 

To minimize the possibility of chance contamination , the watershed should 

be: 

o Clean, preferably grassed 

o Free from barns, septic tanks, privies, arid 
o Protected against erosion arid drainage from 
o Fenced 

The pond should be: 

o Not less than 8 feet deep at the deepest point 
o Large enough to store at least brie year's supply 
b Designed to have the maximum possible water 

storage area over 3 feet in depth 
b Fenced 

o Free of weeds, algae, and floating debris 

In many instances, pond development requires the construction of an 
embankment with an overflow or spillway. 

Streams and Rivers 

Streams receiving runoff from large uncontrolled watersheds may be the 
only source of water supply. The physical, chemical, arid bacteriological 



soil-absorption fields 
livestock areas 
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9 ua l itv _9? surface water var ies _ and . may impose unusually or abnormally 
high loads on the treatment facilities. 

Stream intakes should be located upstream from wastewater discharges, 
storm drains, or other sources of contamination. The water should be 
pumped when the silt load is low. A low -water stage usually means that 
the temperature of the water is higher than normal arid the water is of 
poor chemical quality. Maximum s ilt loads , however , occur during maximum 
runoff. High-water stages shortly after storms are usually the most 
favorable for diverting or pumping water to storage. These conditions 
vary arid should be determined for the particular stream; 



Ir rigation C anals 

If properly treated, irrigation water may be used as a source of domestic 
water supply. Water obtained from irrigation canals should be treated the 
same as water from other surface water sources. 

Water from irrigation canals may contain large concentrations of 
undesirable chemicals, including pesticides, herbicides, and fertilizer. 
Per iodic chemical analysis should be made. 



Sanitary Risks 

1. What is the nature of the watershed? 

Industrial Agricultural Forest Residential 



As previously noted, the activities on the watershed will impact on 
the water quality of the runoff. The potential for spills from 
industrial activities, herbicides arid pesticides from agricultural 
land uses, organics from plant decay, and animal-borne diseases are a 
few problems that may be indicated by land use bri the watershed. 

2. What is the size of the owned/protected area of the watershed? 

To reduce the extent of contamination of the watershed, many utilities 
have chosen to purchase a portion of it. Another method is to 
restrict activities through zoning restrictions arid ordinances. 

3. How is the watershed controlled? 

This question allows the inspector to evaluate the effectiveness of 
watershed control measures. Ownership with restricted access is the 
most stringent measure but it is also the most costly. If ordinances 
are used, the inspector may wish to know how they are enforced. 
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Has management had a watershed survey performed? 



If the utility has had a watershed survey conducted, many of the 

above questions may be answered by referring to it. The fact that a 

atiiitv nas conducted such a survey would indicate a concern on its 
part for the protection of the supply. 

is there an emergency spill response plan? 

Some industries (e.g., petroleum) are required to have emergency 
spill plans. Potential spill sites should be identified by the 
utility and contingency plans developed in the case of a spill. 
However, because a plan is only paper, the necessary equipment and 
personnel must be identified and coordination between respective 
agencies (fire, police, water utility) worked out prior to any 
emergency • 

Is the source adequate in quantity? 

To answer this question, the inspector should determine if the source 
is adequate for present as well as future demands. The source should 
be able to continuously meet the demands of the water system. 
Decreasing trends in quantity are also important to note. Operation 
records should provide this information. 

Is the source adequate in quality? 

A review of monitoring records should reveal this answer. As with 
quantity, any trends of decreasing quality should be noted. 

Is there any treatment provided in the reservoir? 

The addition of any chemicals to the reservoir should be rioted. 
Particular concern is assuring that only approved chemicals pe 
utilized and that they be properly applied. 

Is the area around the intake restricted for a radius of 200 feet? 

Restriction of contact sport? (e.g., swimming and water skiii gj and 
use of powerboats in the vicinity of the intake is important. This 
will reduce the col i form and organic pollution of the intake water. 

Are there any sources of pollution in the proximity of the intakes? 

Sources of pollution such as wastewater discharges, f eedlots , 
marinas, and boat launch ing ramps should be identified. If the use 
of the reservoir is riot restricted, the impact of activities should 
be minimized as much as possible by keeping them away from the 
intakes . 




11. Are multiple intakes located at different levels utilized? 

Because of fluctuations of the water surface elevation and the 
variability of water quality with depth, it is necessary that intakes 
be provided at different depths; Seasonal turnover of the reservoir, 
algal blooms, and thermal stratification can cause water quality 
problems. This applies to deep reservoirs, streams, and shallow 
reservoirs not subject to stratification commonly utilized at 
single-level intakes . 

12. Is the highest quality water being drawn? 

The operator should be performing monitoring tests to determine the 
water quality at the various depths in order to draw the best quality 
water. The operator should be questioned as to how the intake level 
is selected, what tests are accomplished, and at what frequency. 
Suggested tests are dissolved oxygen, metals, and nitrogen values. 

13. How often are intakes inspected? 

As with all components, maintenance must be periodically performed on 
the intake structure. Removal of debris and inspection of intake 
screen integrity will prevent damage to piping valves and pumps. 
This is particularly important during winter months due to the danger 
of sheet and frazzle ice buildup. 

14. What conditions cause fluctuations in water quality? 

Conditions such as stratification, algal blooms, ice formation , 
on-shore winds, and changing currents may create adverse changes to 
water quality. Conditions creating such problems should be noted as 
well as what measures are being taken to mitigate theti. 

15. Has the dam been inspected for safety (if applicable)? 

Dams should be routinely inspected to avoid conditions that may 
endanger their integrity. Many States require that such inspections 
be performed. However, if riot required , operators should be 
encouraged to look for such things as erosion , sinkholes, burrowing 
animals , arid trees growing in the dam face. 
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What Are Sources 

of 

Contamination? 
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Water Demand 



• Average Daily 

• Maximum Daily 

• Peak 

• Fire 
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Water Demand 

• Average Daily 

• Maximum Daily 
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Collection Chamber 



10 ft . 
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Discharge Line 




Submersible Pump 



Infiltration Gallery 
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Identify Deficiencies 
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UNIT 4: PUMP FACILITIES - 



THE NEED TO KNOW" 



Unit Summary 



Types of "Mtlps 
Sanitary Risks 



Unit Objectives 

The adequacy of pumps and pump operation is an 
important factor in maintain ' the sanitary 
integrity of a water system. 

By the end of the unit the student should know: 

1. Where pumps are commonly found in 
water systems 

2. What sanitary risks are involved with 
pumps and how to identify them 



Logistics 



Approximate Presentation Time ; 4 5 minutes 

Instructor Materials 

o Basic material 
o transparency 4-1 
o Chalkboard 
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Student Materials 



o Student's Text, Unit 4 



Student Preparation 

o Unit 4 should be read prior to the 
session . 



o 
o 



o 

o 



Manual of Instruction for Water 

Treatment Plant Operators 

(Chapter 19) 
Environmental Engineering and 

Sanitation (Chapter 3) 
Weill Drilling Operations 
Operation of Water Supply and 

Treatment Facilities 
Water Supply Engineering (Chapter 15) 
Water Supply System Operation (Chapters 
'i and 5) 
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Use Transparency 4~i 
B*p4h3 In pumps: 
Types 

Construction 
features 
b Operation 



Make rough s v -*' on 
chalkboard tot e^iana- 
t ion when appropriate: 



Use questions to encourage 
discussion and present 
additional information . 



A sk students to sUgg^t 
a sanitary risk in each 
of the factors, and a 
means of ensuring 
against the risk. 

Make rough skeu iK v s on 
chalkboard for explain- 
tion when appropriate. 

Use ^ srsonal experiences 
and anecodotes to relate 
the course material to 
actual situations an 
inspector may encounter 
during a survey. 

5°i n LJ2 l ll what prb- 
1 ?ius can occur f rom 
lubricants. Oil 
contamination , non- 
potable Water as 
lubricant . 



Major Types and Characteristics (10 minutes) 
A. 

b Positive Displacement 
b Centrifugal 
b Jet 
b Rotary 



b Shallow Well 
b Deep Well 

see Table 4-1 for instructor review information . 



1 - What are the advantages and disadvantages of 
each type? 

: For what situation is each type best suited? 
v^ hj.tary Risks (10 minutes) 
A. General 

1. Number (include reserve', location, arid 
type 

2. Rated Capacity 

b When Was pump last raced? 
o is pump metered? 

j; Condition of equipment 
o Are pumps operable? 
o What is state of repair of pumps? 



4. What type of lubricant is used? 

5. E:.. r. jency power system 



c Wnat 

o Frequency of function testing? 
b Record of primary power failures? 
b Automatic or manual switchover? 
b Are backup pumps/motors provided? 



B. Pumping Stations 



1. Is ail electro/mechanical rotating 
equipment provided with protective 
guards? 
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poi nt oat the Importance 
of each of these itfcms. 



2. Are controls functioning properly and 
adequately protected? 

3. Are underground compar tmertts and 
suction wells waterproof? 

r 

4. Are permanently mounted ladders sound 
and firmly anchored? 

5. Is facility properly protected against 
trespassing and vandalism? 

o Vandalism 
o Animals 
o Flooding 
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Table 



4-1 . Types and Characteristics of Pumps' 



t VI- 



IN Ft,. 



i j>- » at n\£ 

I? I> j» U. I I 




i Slul irnj ws-l 1 . . . 
«) Stimuli 
» vnt r i f vi^.it 



V.l'k- hit l» llfc" 



12 2S ft . 



"I 1 



a) Vert it a I 1 1 iv 
sin ft (nit) nit- 
(mi I r 1st 



?H f( . mix. 



l>rj>»*l I'M S 



I isii.il 



7? -2S ft , 
Up» fii (,m ft 



10-2(1 ft . 



Usual 
Pi esHurv 
rivals 



100-200 ft. 

Up to wm ft; 



100- 150 ft . 



r WV- UK) ft ; 



100-200 ft . 



ioo-8no tt : 



Advant 



Posit iw act inn. 
I)if?i:Hnrg*> agh" i as i vai i * ie 
he .kI s . 

* Pumps wiif»'r mit fining 
s.ntl and silt. 
Especially adapted Qi Inu 
capacity ait\ high lifts. 



aiootli, even flow. 

Porr^s water, ountainiiig 

saiil aiicl silt . 

Pressure on system is .ven 

free from shock. 
Ipw-startir^ torque. 
JSii.il ly reliable and g>nd 
ftervice life. 



DiHad vantages 



Remarks 



Snm^iis straight cent r 17 
flight except ricC suiEahte 
For prying water cmtain- 
ing f.irti or silt. 
Tliey are self primijig. 



San*? re) shallow w(-ll 
turbine.. 

All eh^ctrical compotKMits 
are .im'asibte , aho\/r> 
ground . 



• Pulsating discharge. 

• Sub j ec t to vibi-at ibri aril 
noise . 

a ha lj iterance coat may be 
high. 

• May cau?»? desCrtirf Iv^ 
pressure if operated 
against closed valve. 



• Loses pr i me eas 1 1 y . 

• Efficiency depends on 
ope rating under design 
bends 3nl speed. 



• Sarrcr.ns straight centri- 
fugal except maintains 
priming eas i ly . 



• Efficiency depends on 

operating inder design 
bend and speed.. 

• Requires straight well 
large eno*igh for turbine 
bowls _and housiiig. 

• Ljbricat ion anJ al igrirvr* 



of shaf 1 err t ical . 



• Uesr suited, for capaci- 
ties or 5-25 gpro against 
lajderate to high heads. 

> Adaptable to hard 
operation. _ _ _ 

> Can be installed iii very 
small diameter wells (2" 
casir\g). 

Pump must be set directly 
over well (deep wells). 



Very efficient pump for 
capacities dbove 60 gpm 
and heads up to about 
150 ft. 



Rpduct ion in pressure 
wiEh uicreased capacity 
not as severe as straight 
centrifugal . 
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Bisi cc?f mm* 
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Table* (Continued 



} 



r 



Type nf Ptmp 



Gentr i figaj (root . ) 



b) Snhi»*rsible 
turbine 
(tni It L*j t ag^) 



Jet : 

1 Sha I low v«»i I . 



2 f^p we 1 1 



Rotary : 

1 Shallow wf-I 1 . 
(gehr typ*) 



2 i>ep wei i 

(ivel ical r>>tarv 



riart ion I 
Sik't ion 
Lift 



Pimp r-*itf 
mhfor 



JV?0 ft. 
beh*w 



15-20 ft. 
below 
jector . 



Wr-1 l-J\mpin£ 



50-400 ft . 



Pressure 
Ik-ads 



50-400 ft . 



Mvant hgfv 



typo) 



?2 ft: 



Uf«4.i! ly 

Sltl:"TI , rg» , d . 



lip tr» 15-20 
ft . below 

r- jrctor: 



75-170 ft. 
200 ft . max. 



2? ft: 



80-150 ft. 



80-150 ft. 



50-250 ft. 



100-500 ft. 



• ^-wrras slvil low w«»l ! 
ttirbiiio . 

• Easy to frost-proof. 

• Short pump ?* M ft to nr>tor. 

• Quiet ope nt ion. 

• WpI t afra^ghthess not 
critical. 



• High capacity of tow 

• Simple in operation. 

installed over tlie well. 

• No novir^ parts in this 
well. 

• Same as shal low wel 1 jet . 

• Wel 1 _ sttsighfriefls riot 
crit ical , 



• Posi t ive act ion. 

• Pi s _pb or 8 e _ constant under 
variable heads. 

• Efficient operation: 

• Same as shallow wel 1 
rot nry . 

Only mte nrrving rutno 
dev>ce in wel 1 . 



Pisadvai* ap,* > '? 



• Abrasion frcm sartl. 

• Repair to motor or pimp 
requires pulling frcm 
well. 

• Sealing of electrical 
eqmprnerf frcm water 
v/^ir crit ical . 

• Abrasion from sand. 



• Capacity ri»diires as lift 
increases . 

• Air in auction or return 
line will stop pirping. 



Sflme a« _shal low wel I let: 
J/jwer efficiency, 
er)p^<:ialiy at greater 
U'ts. 



Subject to rapid water if 
water contains sanrt or 
ailt . 

Wear of gears rpdoops 

efficiency, 
Same as shal jow wel 1 
rotary except no gear 
wear . 



' 3500 RPM mxfcls, while 
popuLir because of 
smaller diameters or 
great ercapac it iea , are 
more vulnerable to wear 
arrl failure frcm sard ard 
other causes . 



• Ttie antxrit of water 
r '_ ' rn "^i to ejector with 
inrreased lift - 50K of 
total water pomred_«t 
50-ft: tiff sn< ? l 7C at 
100-ft. lift. 



• A cut leas rubber stator 
increases life of pump. 
FLexibie drive coupling 
has been weak point in 
pump. Beat adaptod for 
low capacity ard high 
head a . 
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Ty p e s - of mp s 



Positive Displacement Pomps . The positive displacement pump forces or 
displaces the water through a pumping mechanism; There are several 
types: reciprocating pumps, helical or spiral rotor, regenerative turbine 
pumps > and diaphragm pumps. 

Ceritr if ugal Pumps ♦ Cen tr i f ugal pumps con ta in a rotating impeller mounted 
on a shaft turned by the power source . The rotating impeller increases 
the velocity of the water and discharges it into a surrounding casing 
shaped to slow down the flow of the water and convert the velocity to 
pressure . Th is decrease of the flow fur ther increases the pressure . 

Jet (Ejector) Pumps . Jet pumps are actually combined centrifugal arid 
ejector pumps. A portion of the discharged water from the centrifugal 
pump is diverted through a nozzle and venturi tube. A pressure zone lower 
than that of the surrounding area exists in the venturi tube; L'.erefdre, 
water from the source (well) flows into this area of reduced pressure. 
The velocity of tho water from the nozzle pushes it through the pip^ 
towar i the surface where the centrifugal pump can lift it by suction. The 
centrifugal pump then forces it into the distribution system. 

Rotary Pumps . In the rotary pumps there are two cams or gears that mesh 
together and rotate in opposite directions. The gear teeth or cams fit 
closely to the casing so that the water will be drawn up the suction pipe 
and forced into the discharge pipe. Such pumps require ho valves and are 
self-priming. They are positive displacement. They can be operated at 
high speeds and so obtain large capacity with small size. They have the 
disadvantage of showing considerable slip. Water con ta in ing grit is 
especially injurious to them. 

Sanitary Risks 

1. what is the number (including reserves) and location of pumps? 



At least two pumping units should be provided (for both chemical feed 
and water applications of pumps). Pumps may be used for a variety of 
reasons within the system: raw water, chemical feed, finished water, 
and solids movement. The type of pump is important to assure proper 
application. For example, positive displacement-type solution pumps 
should be used to feed liquid chemicals but not to feed chemical 
slurries. The operator ati.l p. review of the plant schematic can 
provide this information . 

Wh £ t is the rated capacity of the pumps? 

Pumps should have ample capacity to suppl v the peak demands with 
dangerous over load . The inspector should also ask when the pump was 
last rated. This is particularly important when the pumping time is 
used to estimate water production. The pump may have been r^ted 10 
years ago for 200 gpm, but due to changes in the pump and system is 
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presently only pumping 125 ypm. The inspector should also note if the 
pump is metered. This can help the operator detect changes in the 
system and take corrective action before a serious problem develops. 

What is the condition of the equipment? 

The pumps should be operable No benefit is provided the system when 
only one of its three raw water pumps is functional. The inspector 
should note the state of repair. Although packing ^lanci seals require 
a constant drip of water, it should riot be an excessive spray. The 
pumps should not be overgreased or overoiled. Excessive noise arid 
vibration, Particularly of centrifugal pumps, would indicate 
problems. Note the condition of the room; if it's dirty, operation 
cannot be satisfactory. Dirt will get into the lubricants arid shorten 
the life of the bearings* 

What type of lubricant is used? 



in the case of well pumps, this is particularly important since oil 

contamination cf the aquifer is possible from improperly maintained 

submersible pumps. • In the case of water-lubr I-ated ponips , the 

possibility of cross-connection exists* 

Is the emergency power/backup system provided? 

Emergency power is necessary for continuous operation of the water 
system. This may be Provided by an auxiliary generator or by directly 
connected engines; The inspector should note how emergency power is 
provided^ how frequently it is tested, and whether there is automatic 
or manual switchover . This inspector should also be concerned with 
the number of primary power failures. Availability of replacement 
pumps, motors, arid critical parts should also be evaluated. 

Aire all electro/mechanical rotating equipment provided with protective 

gu/v c's? 

The inspector should not only be concerned with the sanitary aspects 
of the equipment but safety as well. The inspector should check to 
see that belts, gears, rotating shafts, arid electrical wiring are 
properly shielded to prevent injury. 

Are controls functioning properly and a; ^rurtely protected? 

All controls should be functional. Jerry-rigging of controls presents 
both an electrical hazard and risk of failure of the pump. 

re underground compartments and suction wells waterproof? 

Pump stations should be waterproofed to present flooding of the pump 
room. The suction wells should be protected to prevent entrance of 
undesirable water into the compartment either through the walls or 
sarface water. 



9. Are permanently mounted ladders sound and firmly anchored? 

As previously stated, the _ inspector should be concerned with safety. 
This concern is not only for the operator ■ s sake but for the 
inspector's own preservation. The inspector should follow safety 
procedures and inform the operator of unsafe conditions or acts (e.g. 
entering a confined space that is not properly ventilated). 

10. Is the facility properly protected? 

The site should be properly protected against fire, flood, vandalism, 
and other hazards. The location should be a minimum of one foot above 
the highest flood elevation. Runoff should drain away from the 
pumping station. Pumping facilities should be protected acainst 
vandalism and unauthorized entry by animals or people. 
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UNIT 5: WATER TREATMENT - "THE NEED TO KNOW* 



Unit. Summary 



Treatment Processes 
Sanitary Risks 



Unit Objectives " 

Treatment of water is often necessary to 
assure that water quality meets applicable 
standards • It is necessary for the 
surveyor to understand proper treatment for 
water quality problems. This unit provides 
a brief overview of treatment and sanitary 
risks • 



Logistics " 

Approximate Presentation Time : 7 5 minutes 

Instructor Materials 

o Basic Material 

o Transparencies 5-1 to 5-8 

o Chalkboard 

Student Materials 

o Student's Text, Unit 5 

Student Preparation 

o Unit 5 should be read prior to the 

session • 
o Scan Table 5-1. 

Unit References 

6 Small Water Systems Serving the Public 

(Chapters 9 and 10) 
o Manual of Instruction for Water 

Treatment Plant Operators (Chapters 

5-15) 

o Manual of Water Utility Operations 

(Chapters 7-11 ) 
o Water T^.Stmeht Plant Operations 



(Vb Chapters 4-9 and 11) 

o Mar i trine fit Techniques for 

Mf terim Primary Drinking 

Wd tionu 

o Wat / System Operation (Chapter 
4) 



17? 



Use Transparency 5-1 • 



Treatment Processes (10 Minutes) 
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Draw a typical tree ; merit 
process schematic on the 
chalkboard (see example). 



Define each of the 
activities involved in 
water treatment. 



Indicate on the diagram 
the activity point and 
the treatment process (es) 
involved . 



r re treatment - generally for removal of 
taste and oders; 

Coagulation/Floccuiation - treat? ent with 
certain chemicals for collecting nonset-eie- 
able particles into larger or other fine- 
grained materials to remove particulate 
matter too light or too finely divided for 
removal by sedimentation - 



Sedimer 



- removal of suspended matter, 



Filtratio n - the process of passing a 
liquid through a filtering media for 
removal of suspended or colloidal matter 
usually of a type that Conn t be removed by 
sedimentation • 



Use questions to promote 
discussion and present 
additional information. 



Disinfection. - destroying pathogenic 
organisms with chlorine, certain chlorine 
compounds, or other means. 

1. How can effectiveness of 
treatment process(s) be 
determined? 



What records would be help- 
ful in making this determina- 
tion? 



State that thii section 

is oui y to assist the 

S-tnrient in identification 
of sanitary risks . FO r a 
detai led - discussion of a 
particular process, they 
will have to consult other 
references or programs. 



Sanitary Risk :s- (65 minutes) 



Use Transparencies 5-2 and 
5-3. 

that students 



draw a schematic of 
plants when inspecting. 

Briefly point ou t that 
application point and 
amount of chlorine 
addition can impact 
on TTHM generated. 



A . 



Prechlorinat ion/Pre treatment 



(1C minutes) 

1. What chemical is used? 

2. Wh.it amount is used? 

o Discuss commonly used chemicals/ 
processes for pretreatment • 
- Chiorine, chlorine dioxide, ozone, 

potasium permanganate activated 

carbon 

3. For prechlorination, has TTHM been 
evaluated? 

4. Wbat is point of application? 
o Improper application 

5. Is proper mixing achieved? 
6 Short circuiting 



6. What other pretreatment is provided? 
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a ! I-'o'-v ' ■ ; ■ 1 hi i t i.Mir e . c -- 



i s i r 

<? S 5? t 1- 

nake a sctiema Li 
' 'hem i ra J a dd i t. 



liagram 
ooin t. s . 



SE 



and anecdotes to relat-* 1 
i-nurse material to 
actual situations aii 
inspector may ppcoh-' 4 
■ in r i he a -an it-. v 



Ar'i: 1 j. ' i ruriieri ta t 1 ' -Mid c'nritrolP f 
the p 1 '^ss adequate, dpcratintia] ; 
and be i > i u t i 1 : zed ? 

■ The operator ' s answers to que? r 
about process controls and equip 
merit" vi 1 i r'i i * r <^ inspector insight 
i rii-r, - h'-« npeiator ' «• competency - 



s ci'emi.ca i stor 
jafc? 



a deauate and 



Are adequate safety dev ice . ava i 1 - 
able and precautions observed (dust 
mask , safety goggles / gloves , pro- 
tective clothing)? 

m Ern^ ; ■ ;asize th e impo rtance of the 
surveyor observing correct safety 
procedures wh i le inspecting - 



.1 s iriixi . ; j adequate based 
■observation ? 

''> Problems with short r ;.:-i • i ■ 



I ^ - q u i pm e n t o y orated p r o per J. y a r. d i n 
■ r " Hi repair ? 



'v-rui a t ion/Sed : men ta t ion ( 5 m i nu te s ) 



Is process adequate based on visnal 

observation ? 

o Good floe formation 

o No floe carryover from sed .'.; r v?ntatio r 

Is equipment operated proper." 1 y and i.n 
good repai r ? 
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Tr .i ri •» . -;i » •mi>:v ^ -h - 

' ■ i r 1 1 i.'Ut til ; a t i :■■ s ~ t > c t o r 
- i v i s r i r < ' h a v e > p< ; r a t. • : 

*."'*! ;"i>;si.iori5 in a v fit 1 



-i-oji (5 frtinu'-e; 



d by other 

^ r r: . 



1, 



I £ p r o c o r s a file q ■ 
txor? 



observd - 



r e instrumentation and control? for 
the process adequate > operational, and 
being utilized? 
r Rate of fiow controllers 
o Head ioss indicators 



I s equipment operated properly arc" 
good repair ? 

o Presence of muctballs > _ o^r- 
b Backwash 

o Possibility of cror -connections 



n:-:pa : ency 



Post -Ch lor inat ion (20 m : 



es ; 



Kxp i'i in that inspector 
:ooii i:j not only be 
•oncer tied with sanitary 
i>*:?ots of cblorination 
• \ i :.. s .-\ f e t '■ * 3 s well. 



" r n r- -■ pa r e n c y 5 - 8 . 

iss use ' co'liLorir. 
tier ia as indicator 
-\ n i samp 1 i rj cj riscuss 

portance of confluent 
arovt'ri ann o Monies too 
onerous to count. 

r 'se personal experience 
or — anecdotes to relate 



materia i to actual 
situations an ir spec tor 

may encoti: eo during a 
: n.i t a rv surv-- 1 . 



1; Is adequate chlorine residue' 
being maintained? 

o Describe types res .' -iu 1 -.no 
their importar: ;:e . 

- Combined - slower ar 
disinf ectar. o 

- Fre e - f a s ~ r acting 

- Breakpoint : lorinat^o: 

~l s there suf f J cient coi ad . 30 

..inut - minimum ) betwee n the oh Lor i - 
riatic ;>bir* and the c t point of use? 

3 \ Is the d i i i nf ec tidn equipment being 
operated and maintained properly? 
o Describe importance of contact time, 
o Problems with :s ort c i rcuiting 

>' ] '3 ope^ ational standby eraipment 

provide 3? If not, are critical ^pare 
parts on h an d ? 

o Eiripr a^ize importance of contina mis 
ch lor ina tion • 



' t sc u s s 



d to stoo 



low of water when 
changing cylinders z>n 
a one- cylinder bvstem. 



6. 



is a manifold provided to ali'.bw feedi : 

from more than one cylinder? 

o Allows continuous chlorination 

Are scales provided for weighing of 
conta iners ? 



Are chlorine storage c* _d use areas iso- 
lated ^rom other work areas? 
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R „ Ts r bom vented to t 1 : e bu t d f : jo r s v - ; 

''xliaiist grilles located riot more t.h.«. 
6 inches above floor Level? 
b One complete air change per minute 
recommended 

Are aii doors hinge*.', outwarb, 
with panic bars, and at least 
p r > v i. de d w.i t h a v i e wpo r t ? 

■ ^ , is self -contain 1 -: i bres * ' ■ irig apparatus 
a v \ i 1 a .' x 1 i-~ f b r use du r i : . j r e p a i ■ of 
1 e a k s ? 

I ! - Is a means of leak detection provided 
o r of di 1 v, tP ammonium hydroxide o 
■ilor^ne detection devices 

ll!. Are all gas cylinders restrained • 
chaining to wall or by other r ■ * ■: . 

Other Treatment (5 minutes or -i 
depending on instructor's d: s -ration) 

The instructor should dis"' 
t rea trriori t proces sc s prese T 
such as: 

Chv.^ ne Di s i n f e ct ior. 
r .1 tra violet L i <r " Di 3 b n : . . 
; on Exchange 
"nloramihe Disinfect; ~>n 
Chlorine Dioxide nisi nf ection 
Carlx>n Absorption 
Todi ne Pis infect i ^n 
F-'e vers-.- Osmos i. 



ecu i p: 
one 



is bth er 
in th a a - -a / 



5' C 



atreent 



oa 1 Trea tmcnt 



bis i r >ction 

fiiviration> disinfect 
settling, f .i i t r a i ^ - 
disinfection 

Fi ltration 

.varid, diatoiriacoo' 
b .. "omp let.r- trea tme h t 

cheirii. . J. addition, 

ebb yn la t i on 
settling : f iitrat i «■:•*■ 

Alum or iron c: :<Tulr->- 
L Li.ie softer i.r; a 

\r. as + 3 . 

o x i H i z i n 9 to As 
trea :ir.o as ."ibo'^c 

i >ne soften i :m 



.See r.. ;: j, 
ST /-I 



in r-oa -70 la t i'^ri 



■ ten .1 n q 



n ex.- -in- " - no 
■'•rv jt-.(.l a l'j.nina 
-,. ,.e char 



. ir g-;i fate 00/ 
I u tn c o a qu 1 a t i. o n 
" -*ri exchange 

t r- on rv 



t i va t* 
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'orit ihued ) 



; , i r M- er Standa; 

at- 10 rru-r '] (fj ) 

0.01 mg/1 



Si Tver 0.0 5 mg/1 

Organic See r~ o-ific 

Chemicals chemcal 



Typ;i cal Tr< a tnieht 

10. Ion Exchange 

11. Se+ 4 

av Ferric sulfate 
coagulation 

b. Reverse osmesis 

c. Ion exchange 

d * Reverse bsmbsd s 
e ♦ Ion exchange 



12a. Alum coagulation 

b. Ferric ^ ilfate coagulation 

c . Ldjne sc. .enxng 

13a . Activated carbon 

14. Sulfide. 

a. Aeration 

b. Oxidation 

c. Desulf uration 



^rganics 

d . Clarif icatior 

e . Oxidation 

f . Adsorption 

15a. Ion exchange 
b * Linie sbftehir. 

±6a . Polyphosphate' 
b. Ion exchange 

c . Oxidation/prec:':r^±tsation 
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S : WATFR TREATMENT 



? jinma r y 



Treatment Processes 
Sanitary Risks 



Unit References 



Small Water Supplies Serving the Public 

(Chap: r... 9, Id) 
Manual f Instruction for Water Treatment 

Plant Operators {Chapters 5-15) 
Manual of Water Utility Operations 

(Chapters 7-11 J _ 
Water Treatment Plant Operations 

(Volume 1 , Chapters 4-9 and 11) 
Water Supply System operation "'Chapter 1) 



Ma tor ial 



; : :e purpose of water treatment is to condition, modify or remove 
undesirable impurities to provide a water that is saf*, palatable, and 

eptable to consumers., &v a standards (specified in the NTFDWP with 
maximum contaminan' level, some of the impurities that are considered 

important to the \u ..1 < of - n.,umers are set under the Federal Safe 
Drinking <7at~r Act L r rhei>. contai^*n,- s are present in excess of the 
established limits, the water mast be created to reduce -he leveJs. Some 
impurities that affect the esthetic qualities of the water are ^ is*-ed in 
SDWR as guidelines. Treac^nt or riodif tea tidh of the water to achieve 
there dc : rable level?, is h ighly recommended. 

r,omc- of the common treatment processes anr their purposes are: 

generally for removal of *-=»ste and doors i. 

Coaggla U^/jdc ^ ^la t ion - treatmr . . with certain c lemicals for 
collecting honsettleable pa.: ticieo mto 1^-ger or cL>er fine-grained 

terials to remove particulate matt<=>- too light or too finely 
: vided for removal by sedi; station. 



Sec 



■ion - removal of suspended -tter , 
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Filtration - filtering through sarid, anthracite, or other fine- 
grained materials to remove particulate matter too light or too 
finely divided for removal by sedimentation; 

disinfection - destroy inn pathogenic organisms with chlorine, certain 
chlorine compound^,, or other means. 

For specif ic information on the tr ^tment process, th'j suggested 
references should be consulted. it is suggested that th 3 inspects bo 
familiar with: 

Coagulat : ■; Aluminum Taifate and Irc~ Salts 
Ch lor i nation : Gas and Hypochlorite 
Pil trat ion : Rapid S "md 

Pressure 

Diatcmaceous Earth 

i n Exchange 

Izi me Softening 

Sed indentation 

Taste and Odor Control 

Corrosion Control 



Sanitary Risks 

Prechlor ina t ion/Chemica I Pretre a trne n t 

Although treatment rcr ta La and odors can be performed : ^ several 
locations in the treatment process, frequently it is conducted as a 
pr otr eatmen t . This allows the time in the pipe from th. ;, : ake to thr- 
plan t to be ^ as contact time. Chemicals commonly ire r.hlor ire , 

activated r.-rbcn, potassium permanganate , ozone, and chlorine dnxidc, 
There are -ther ^--treatment processes such as aeration, presed imen t *t ion , 
and scr-->- ing that may be encounter ed f but the following questions deal 
i th processes utilizing chemical addition- 

1. What chemical is used? 

Itie inspector 'Would determine what chemicals are utilizer, if they 
are approved, and if tSey a^e being properly applied. 

.! . Wha t is the amount used y 

"* ; amount Utilized should be bas>d oh testing. Th <-■ inspector should 
nquire as to how the dosage is det ; f mined and how f i; f.r-jent ly . in 
;ome cases th;. inspo .tor will find that th: dosage has been based on 
tests conducted in the distant past and has remained the same even 
though conditions have changed. 

3. For prechlorination, has total tr ihaiome th ^nes :TTHM) been evi.; I ted ? 



Although TTHM control is net require 5 for sysce.^s ser ving a 
- ■ " -i h iori less than 10,000 , the inspector shooic ri:r.ermine ii" * 
cor is awar >f their impact ar,<] causes. The dosage and/or 
.-.plication p • */ be changed to redace their levels. 



What is ! >e point of auplicat h? 



The inspector shoald determine ;:.;vtt ^icals. are being added at the 
be point to achieve the desired ;i suits. The inspector should 
alert the operator to imptope application such as addition of 
powdered activated carbcn and chic:ine at the same point, 

5. is proper mixing achieved based on -'-uai observation? 

The inspector should be looking for evidence of short circuiting, 

6. What other pretreatment is provided? 

Other processes shoul d be noted and evaluated as to the ir sanitary 
r isks . 

Ch emicai Feed 

This section deals with chemical addition for such processes ar. coaga- 
lat ion, lime softening, activated carbon addition, and corrosion control. 
A good policy is ,or t-he inspector to draw a simple schematic of the plant 
systems and where che* Jals are added. The following questions apply to 
chemical feed. 

L . What chemical is used? 



The inspector sho Id determine what chemicals are utilized, and if 
they are approved. The question should be asked ar to how the dosage 
is determined and frequency of this determination. 

where is it applied? 



me inspector should note the application point and evaluate it in 
light of the purpose of the cnemicai addition. 

3. What is r.he conditio:, of "-.he feed equipment? 

The eq- lament should be functional ar. J properly maintained. For 

xamp2e„ with dry chemical feeders watch for problems with "bridging" 
o f the chemical in the hopper. Liquid solution feeder lines should 
h- observed to see thst they are hot clogged. The operator should be 
as-keci if a _ Preventive maintenance program exists and is utilized, 
rh e cai e taken for the equipment of the facility could reflect the 
operator s attitude towards the system as a whole. Cross connections 
and the possibility of bacterial contamination of stock solutions 
srouid be noted. 

1. Are instrumentation and controls for tne process adequate, opeca- 
t : jnal , and being utilized? 



Controlling processes is difficult when instrumentation is not 
functional and/or properly calibrated. The instrumentation :s 
useless i f the operator does hot know the significance of the 
'Hcasur ement . The inspector should observe the con trols and que.* t ion 
the oper .tor ?-ort calibration checks and what is done based on the 
measurement . 
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Is chemical storage adequate and safe? 

At least c : i 30-day supply of chemicals on hand is recommended. Level 
indicators and overflow protection should be provided for liquid 
chemical storage. This is particularly important for tanks located 
near a well to prevent con taminat ion of the aquifer. Chemicals 
stored together should be compatible. For example, hypochlorite and 
activated carbon should hot be stored hear each other. Strong acids 
should not contact chlorites. Chemicals should be stored in a manner 
that would preclude a spill from entering the water being treated or 
the source. 

Are adequate safety devices available and precautions observed? 



Safety goggles, gloves^ hearing protection^ and respirators should be 
provided for protection against injury by the particular chemicals. 
The inspector should observe safety procedures during the 
inspection.. As stated previously , the inspector should be concerned 
with safety, the operator's and his own. 

Mixing 

1. Is mixing adequate based on visual observation? 

Problems with short circuiting should be noted. Adequate solution 
water and a /it jLion should be provided in the s ase of dry chemical 
addition . 

2. Is equipment operated properly and in /ood repaid? 

Mixing c<..n be accomplished oy several means fined .apical mixers, 
dif fusers , pump blenders, an! :,a<:iies) . : C u .z specter should 
determine that the psrtic ^iar mean?-: utilised rs functioning properly. 

P loc c « jlatibn/Sedimeat ation 

1. Is the process auequate bailed on visual observation? 

Ihe in specter should observe if there is good floe formation prior to 
sedimentation. The host fide .^izo ranges from 0.1 n»rn to about 3 mm. 
There should little carryover of the floe fr - the sedimentation 

bar: in . 

2. Is equipment operated properly and in good repair? 

In tl.vr ' vir-e of mechanic al f loc i-uia t< r s , t.ie padilles should all be 
present ni:') turni'ig. The f loc^jula tor r i should •;';> f ; brea„ up the /loc. 

.'.re j^r t^sts .^ing p^vc formed to determine optimum ^Ce^go of 

' rope* - jalation and k»cr'i 7 ich c^hhot be routi ..ialy a 
\ii^:Cot ;.>r testirio. 
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Filtia t 4oh 

Several typ'-i of filters are available for use in water system 
diatomacedus --arth, pressure sand filters, and rapid sand fil 
stated previously, this manual provides only the "need to ':r ... 
ta! iY risks involved with the components. The insp Vor si", c ; - 
suggested references for specific opera t. . ial cons -ie ratio 

I. is process adegua' e based on observation? 

the primary purpos of fiit is to remove turbidity The 

inspector should be concerr ' the filtration process actually 
reduces the turbidity. If are multiple filters, the effluent 

from each filter should be c. : ed. 

2 - fii-'e instrumentation and controls for the proc- > adec late, opera- 
tional, and tiei.ig utilized? 

Turbidity should be measured in the influent and effluent from the 
filters . Head loss through the filter is also important to filter 
operation, as is the use of flow rate controllers. The instruments 
for these measurements and controls should be present and 
functional. The operator should know the importance of the 
readings. The answers provided should indicate the operator's 
competence to the inspector. 

.i . Is equipment operated pr operly and in good repair? 

For rapid sand filters, the inspector should look for problems such 
as; mudballs, cracks in the media- backwashing difficulties 
resulting in short filter runs and/nr failure to clean media, and 
lb.s of media. If a problem is indicated, the inspector may wish to 
nave the operator backwash the filter. 

P ost- Chlor ination 

The primary purpose of post-chlor ination is disinfection. Disinfection is 
the process of destr N y ing a large port-ion of the microorganisms in wat. r 
w: h the probability that all pathogenic bacteria are killed in the 
process. water treatment, disinfection is almost always accomplished 

by adding ~ine or chlorine compound? . Other processes that may be 

encountered i. ultraviolet disinfection arid the use of iodine or 

ozone. The measure used to determine effectiveness of disinfection is the 
coliform group, ^he standard test for the coliform group is either the 
multiple-tube fermentation technique or the membrane filter technique. An 
in-depth discussion of these techn igues may be found :n "Standard Methods 
for the Examination 6? Water an'; Wastewater." The colir'orm group is used 
^is ar : i'dicatdr of pathogenic orgarisms. The u^ of ihis indicator group 
has ^evvral advantages over testing for specific ^biogenic organisms. 
I r -.j. iy these advantages are: 

1. Sa se of isolation: Usin> relatively .sophisticated analytical 
p/roc idures arid equipment, trie presence of col if or ms can be 
detected. The procedures can give results in 24 hours, making it 
a comparatively rapid b^ctei id! ogical tes t . 



•ich as 
s 

i- 

uJ t the 



Coliforms are present in large numbers _ n fecec; of : .v^im. 
Any fecal pollution results in the presence of coil for r. 
in e fficient, quantities to determine the degree of po±j.ucio 
with fair accuracy. 



^. Col i forms are resi^**- rit to the forces c 1 literal purification to 
a greater degree than commonly encount: -j pathogens. Conse- 
quently, the cdlifdrms will normally sti-I be present after the 
disease-producing pathogens may have die < off and will continue 
to indicate the possible danger to the w^:er. 

I \ i lor ination Terminology 

Regardless of the foriu of chlor inat ion , chlorine ga£. ; or chlor ir. com- 
pounds, the react i "i ir water is basically the same. The standard term 
■ r or the chlorine cojicen'- - v '< i on is either milligrams ;:er liter mg/1) or 

jjari. :*» per million fppmj . 

° Chl orine I>ose : The total ouni of chlorine fed into a volume bi 
water by the chlor inator . 

o chXot-inp Demand : Chlorine is a very active chemical oxidizing 
agent. When injected into water, it combines readily with 
certain inorganic sabs :ances that are oxidizable (hydrogen 
•aifide, nitrite , ferrous iron, etc) and with organic impuri- 
ies incluaing micro -*ganisms and decay products. These 
tactions consur.^ or us. 1 up some of the chlorine before 't can 
fully destroy mic ro-or car isms . This amount used up is the 
chlor ine demand . 

Chlorine Demand = Chlorine Dose - Chlorine Uesidual 

o ^ .t lcrihe Residua X : The amount cf chlor'. (by test) present in 
the water after the chlorine demand is satisfied and after a 
specified time period. The presphc? dt a "free" residual, in 
contrast to a "cori: Dined" residual of at least 0.2-0.4 ppm (ir. 
relatively unpolluted, low turbid ty water), after the chlorine 
: emand is satisfies, usually provides a hign degree of arssurunc*: 
that the d.lsihTect icvi of th . j vater is coirolete. 



A residual al^o provides some protect ion ^g^in;: t any chance 
con tarn in a i ion tha t may inadver tr ^i.ly en tar the system. The 
chlorine residual ter,t sample I . usually collected before the 
first pc it in the distribution syrtc- w/^erc* Wat.cif is consumed. 
However . it ;.s also advisable to also _>sL .a-: the farthest j> <t 
in the system to ensure that a residua, exists throughout zh 
whole system, i'h e residual test is the* tasis for increasing or 
d jcr^z ing the chlorinat r feed rate to irhieve the desired 
value. Too much chlorine residual will be offensive 1 'r> seme 
consumers ; 

Chlorine Residual - Chlorine Dose - Chlorine Demand 
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o ehlori-ne Con tact Time" : The contact time is the time interval 

(usually minutes) that elapses between the time when chlorine is 
added to the Sjiter arid the time when that same slag of water 
passes by the sampling point. A certain minimum period of time 
is required for the disinfecting action to become completed. The 
contact time is usually a fixed condition dependent upon the rate 
of flow of the water and the time it takes the water to pass 
through the piping and storage facilities. Generally speaking, 
it is preferable that the contact period be not less than 30 
minutes under the peak demand flow conditions. However, even 
more time may be necessary under unfavorable conditions. 

. 'i Chlor ina t icn 

Chlorine gas is available in compressed gas f 01 stored in steel 
oressurxzed cylinder:;. A gas chlor indtor met' s the gas flow and mixes it 
*ith water which is then injected as a water • v ut ion of pure chlorine. 
Chlorine gas is a highly toxic lung irr itin f 1 special facilities are 
required for storing and housing 3 as chlorir, ^rs. The advantage of this 
method is the convenience afforded by a rela* /ely large quantity of 
chlorine available tor continuous operation - several days or weeks 

;thout the need for mixing chemicals,. Gas cnlor inators have an advantage 

"-ere variable water flow rates are encoun* :,:ed as they may be syncronized 

o feed chlorine at a variable rate. 

: •po chlo.. in 3 4 ■ on 

.11 ; ^'.em operators will find the use of liquid or dry chlorine 
. ido i< • r d with water dhd fed into the r.ys coin . ' Lh inexpensive 
n - vi> :"* ior -nators a satisfactory chlor ination method. These small chemical 
fred pumps are designed to puitip (inject under pressure) ah aqueous solu- 
tion of chlor: ne into the water system. They aire designee to operate 
against pressures as high as 100 psi but may also be used -6 inject 
chlorine solutions at atmospheric negative head (suction side of water 
pump) cr ions . 

The pumping rate is usually manually adjusted by varying the stroke of the 
piston or diaphragm. Once the stroke is set, the hypochior inator feeds 
accurately at that rate. However, chlorine measurements should be made 
occasionally at the beginning and end of the well pump cycle because if 
Jrhe drawdown is nigh, the pun ping rate varies considerably and the 
concentration will vary since the applied dose is constant. A metering 
device may bt used i:o vary the hypochlor inator fe*d mce syncronized with 
t-lifc water rate . Where a well pump is "sea, trie hvr^chlor inator is. 
cor nected electrically wit j the on-of f controls of the pump. 

The following questions de.^l with the sanitary risks of chlorination. 

1. x ?*» adequate chlor -3 residual being maintained? 

The answer to this lies in whether ti;** e iiare been any positive 
coiifbrm counts. The next step in determination c' adequacy would 'oe 
to ensure that a detectable residual is preseuc at the remotest 
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connection in che system. The inspector should review where the 
utility's samule points within the distribution system are located 
and/or how they were selected. If the inspector is to sample, a 
deadend portion of the system that. is remote from the plant may be 
selected. A free residual of 0.2-0.5 mg/1 or a . combined residual of 
i;0 ~ 2 _! 0 m 9/l should be maintained at the most distant points in the 
system and at the ends of deadend sections. The chlbrinatbr should 
have sufficient capacity to provide adequate treatment under peak 
flow conditions. 

Is there sufficient contact t i;ne tvoon the chlor ination point and 
the first point of use? 

Contact time should be a ;..xhx,r.uni of 30 minutes for free residual and 
2 hours for a combined residual. This may Le determined by figuring 
detention time in the clear weil, storage tank, and/or pipeline 
between point of chlorinatibn and use. 

Is the equipment properly operated and maintained? 

The inspector should determine that all equipment is operational and 
preventive maintenanc ? is routinely performed. Some indicators of 
problems for gaseous chlor ination would be valves, piping a^j! 
fittings that are damaged, badly corroded or loose, no g* flow to 
the chiorinator, or frost on valves and piping. For powdered 
disinfectants , some indicators pre clogged feed lines and valves. A 
'.ore detailed discussion of these problems and their solutions is 
provided in "Water Treatment Plant Operation," Chapter 7. 

T .s operational standby equipmr • i piovided? 12 not, are critical 
spare part 5 on hand? 

Disinfection mUst be continuous; Standby equipment of sufficient 
capacity replace the largest unit is recommended. Where it io 
not, flow to the water system should be halted and critical spare 
parts should be on hand for immediate replacement. 

is a manifold provided to allow feeding ops f - one 

cylinder i 

\s stated above, crxos: ination mu^ be continuous; ; ...an . _old shou.l d 
be provided to ailov* einpfcy cylinders to be changed without stopping 
chlor ination . if only one cylinder can be utilized, the inspector 
should determine what procedure is followed when it is changed. The 
operator could be allowing water to continue to flow into the synterh 
while he changes the cylinder, a process that could take 30 rnir.utes. 
Such a situation could result in contamination of the entire system. 

Are scales provided for weighing cylinders? 

Scales should be provided and utilized to measure the amount of 
chlorine used each day and to determine when they are near empty so 
they can be changed. These scales should oe located so that the 
cylinders Will be cooler than the chlor ina tors to prevent condensing 
of the chlorine in the lines. 
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is the chlorine storage and use area isolated from other work areas? 

Operators should be well versed on the hazards of chlorine gas, 
proper handling of the gas and protective equipment, and the 
limitations of the protective equipment. The inspector should bo 
knowledgeable in these areas as well. A.»\rief overview of chlorine 
* s _ tnat ifc i ?_ a heav *^ r ~th an -air gas, wtir is corrosive in moist 
atmospheres and is extremely toxic. Its c :icity ranges ft" throat 
irritation at 15 ppm to rapid death at 1,000 ppm. Cc nsequently, the 
storage and use areas for chlorine should be above ground, well 
ventilated, and separated by a gas-tight partition from other work 
areas. Both chlorine gas and particularly sodium chlorite should not 
be stored with organic compounds. 

is room vented to the outdoors by exhaust grilles located not more 
than 6 inches above the floor level? 

The room should be vented at a rate of one air change per minute with 
exhaust grilles not higher than 6 inches above the f T oor . An inlet 
grille for the room should be located near the ceiling. The vapor- 
tic;ht fan switch should be located cutside the room and equipped with 

indicator light. The inspector should ensure that the exhaust 
fro;n the chlorine room will not enter into other interior areuS, 
problems have resulted from locating the exhaust grilles to the 
chlorine room in the vicinity of the makeup air inlet for other rooms. 

Are all doors hinged outward, equipped with panic bars, and at least 
one provided with a viewport? 

heed for ^jors to be hinged outward is based on the fact that 
.-.✓/lebrie in the rcom coo Id be overcome and passed oc- against the 
door, making rescue difficult if che door has to swing into the 
irJbiri. The door should also have warning signs affixed, alerting 
personnel to the dangers. 

Is a self-contained breathing apparatus available for use during 
repair of leaks? 

The use of chlorine requires protective clothing. Chemical goggles 
shoaid bevo^n by personnel entering tha area for routine irispec- 
tioi . When cylinders are changed or adjustments made to the system, 
impervious gloves, chemicax goggles, and a full face shield should be 
worn (unless a full facepiece respirator or hood is Used). Chlorine 
canister-type gas masks are only acceptable if the known chlorine 
vapor concentration is less than 1% and oxygen level greater than 
16%. Additionally , canister: -type gas masks must be checked routinely 
and the canister changed when it has reached its expiration date or 
lias been damaged, t^hen a worker enters a heavily contaminated area 
for repair, a self-c jntained breathing apparatus is required. Use of 
protective equipment and emergency drills should be practiced. 
Emergency procedures should b;3 coordinated with fire and police 
personnel.. The inspector should ask if the utility has an emergency 
plan and if it has ever been practiced. 
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Are there means of leak detection? 

The inspector should never enter a room containing chlorine gas 
without first opening the door slightly to check for the smell of 
chlorine. A squeeze bottle of dilute ammonium hydroxide can be used 
for leak detection by squirting a small amount into the room prior to 
entry. If a leak is present a "show" will form. There are also 
continuous and portable chlorine detection devices that may be used. 

Are all gas cylinders restrained by chaining to the wall or other 
means? 

Cylinders should be restrained to an immovable object. They should 
be transported and stored in an upright position and kept away from 
direct heat and direct sun. Empty containers should be segregated 
from full containers. 

Have there been any interruptions in chlor ination during the past 
year due to chlor inator failure or feed pump failure? 



Any interruptions in chlor ination and their cause should be 
identified. The operator should be questioned as to what measures 
have been taken to preclude recurrence of the interruption. 
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Common Pretreatment Chemicals 
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Chlorine 
Chlorine Dioxide 



Potassium Permanganate 
Activated Carbon 
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lommon Pretreatment Chemicals 

• Chlorine 

• Chlorine Dioxide 
« Ozone 

• Potassium Permanganate 
« Activated Carbon 
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Filtration 
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Post-Chlorination 
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Why the Coliform Group? 

1. lase of Isolation 

2. Present in all Fecal Pollution 

3. Greater resistance to Natural Purification 
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Why the Col i form Group? 

1 . Ease of Isolation 

2. Present in all Fecal Pollution 

3. Greater resistance to Natural Purification 
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Unit S..jimary 



Gravity Storage 

Hy dr opn euma tic Storage 



6a: Gravity Storage 

b Characteristics 
o Sanitary Risks 

6b : Hy dropneuma t i c Storage 

o Characteristics 
b Sanitary Risks 
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UNIT 6a : Gravity Storage - "The Need To know" 



Unit Summary 

Characteristics of a Gravity Storage 

System 
Sanitary Risks 



A major function of the sanitary survey is 
to determine that a storage system is free 
of and protected from contamination. 
Gravity storage will be discussed and 
sanitary risks outlined. 



Logistics 

Approximate Presentation Time ; 45 minutes 

■Xnstractor Materials 

o Basic Material 

o Transparency 6-1 to 6-3 

o Chalkboard 

o Overhead projector and screen 
Student Materials 

o Student's Text> Unit 6a 
Student Preparation 

6 Read Unit 6a prior to the session. 
Unit ^References 

o Small Water System Serving the Public 

(Chapter 6) 
o Manual of Individual Water Supply 

Systems (Part V) 
o Water Supply System Operation 

(Chapter 5) 
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Use Transparency 6-1; 



General (10 minutes) 



Identify on chalkboard 
diagram of the various 
components. Explain 
V:eir functions. 



.o Transparency 6-2. 



■Components 



o Supply (generally a « 
o Inlet 
o Reservoir 
o Elevated 

o Surface (on ground) 
o in ground 
b Outlet 

b Pumps [if applicable) 



eli) 



Sanitary Risks (3D minutes) 



Use 

and anecdotes to relate 
material to actual 
situations an inspector 
may encounter during 
a sanitary survey . 



Point out importance of 
information requested by 
each question. 



1 • Does surface runoff and underground 
drainage drain away from the storage 
structure? 

2m Is the site protected against 
flooding? 

b Provides protection against contami- 
nation by nonpotable water 

3 . Is storage tank structurally sound? 

4. Are overflow lines> air vents, drainage 
lines > or cleanout pipes turned down- 
ward or covered/ screened and termi- 
nated a minimum of 3 diameters above 
the ground or storage tank surface? 

b Protection against birds, dust/ and 
nonpotable runoff 



Use Transparency 6-3. 



Is site adequately protected against 

vandalism? 

o Fenced 

o Hatches lockable 

o Ladders cut off lb feet above ground 



6. Are surface coatings in contact with 
water approved? 

o Unauthorized surface coatings can 

degrade water quality through organic 
arid inorganic contaminants 
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7. Is tank protected against icing and 
corrosion? 



Corrosion 

o water > in contact, with steel 

b Esthetic problems 

b Heavy metal solubility 

6 Protection : 

o Rust prevention barrier (paint, 

cement/ other coatings) 
o Carbonate film coating 
o Cathodic (sacrificial anode) 



8. Can tank be isolated from system? 

o Qnphasize importance of being able to 
take tank out of system without 
shutting down entire system. 

9. Is all treated water storage covered? 

10, What is cleaning frequency for tanks? 
Sludge 

o Buildup of organic, inorganic debris 
o Contributes to turbidity > esthetic 

problems 
o Protection 

b Periodic draining, cleaning 

11. Are tanks disinfected after repairs are 
made? 

-In adequate Disinfection 

o Following entry for service, repair 

o Protection 

o Procedures to disinfect system 

o Records of procedures, effectiveness 
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UNIT 6a: Gravity Storage 



Uri i t S ununa r y 

Characteristics of c; Gravity Storage System 
Sanitary Risks 



Unit References 

Small Water Systems Serving the Public 

{Chapter 6) 
Manual of Individual Water Supply Systems 

(Part V) 

Water Supply System Operation 
'Chapter 5) 



Basic Material 

Well supplies are often pumped directly to a gravity distribution reser- 
voir (tank) from Which water flows on demand to the points of use. The 
wells may also be pumped directly into the distribution system with the 
tank floating (riding) on the system. Either arrangement is acceptable. 
The pumps may be controlled by water level float controls or pressure 
switches. The storage tank is sufficiently elevated to ensure adequate 
operating pressures. 

A gravity storage system offers several advantages over other (e.g.., 
hydrcpneumatic) systems and should be considered where topographic 
conditions are favorable. The larger the water system, the greater the 
advantages. However, even smaller systems will have these advantages: 

o Less variation in pressure^ 
° Storage for f iref ighting use 

° One to two days' storage to meet water requirements 

o Greater flexibility to meet peak demands 

° Use of lower capacity wells (pumping not necessary 

to meet peak system demand) 
o Sizing of pumps to take better advantage of electric 

load factors 
o Reduced on and off cycling of pumps 

o Tie-in of several wells, each pumping at its optimal rate 

Since the gravity reservoir provides the storage necessary to meet the 
peak system demands, the wells need not be developed to meet the peak 
system capacities, as is generally necessary with pressure tank systems. 
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The wells should be capable of meeting the maxiitiuni day demand within the 
period of time when water use is significant. For example, day schools 
usually exert a significant water demand only over a 10- to 12-hbur day. 
The wells must* therefore ^ be pumped at a rate sufficient to meet the 
maximum day demand In a id- to 12-hour period. Under these conditions, 
the reservoir (tank) should have an effective capacity equivalent to the 
average daily demand. 



Gravity distribution reservoirs may be elevated tanks mounted on 
structural supports above ground, may be located partly below ground > or 
may be -^nfcs placed on pads or cradles oh zhe ground surface. Elevated 
tanks are necessary when high ground is not available within the service 
area : ; _Theopereting water levels of the tank should be sufficiently above 
*- ne Qi strib ution system to produce minimum operating pressures of 35 psi 
(about 81 feet of head) but preferably 50-75 psi (116 to 173 feet). 
Prr-sures should not exceed 100 psi (231 feet). 

Shallow reservoirr with large diameters are preferred over deep ones with 
smaller diameters, other things being equal . Tanks with larger diameters 
have more water per foot of drawdown and are thus less prone to pressure 
fluctuations. They are alTo less costly to build. 

Prefabricated standpipes and elevated tanks are readily available with a 
wide range of capacities. Prestressed concrete tanks are quite popular, 
since they require less maintenance. 



Sani ta 



1. Does surface runoff and underground drainage drain away from the 
storage structure? 

2. Ts site protected against flooding? 

Storage reservoirs should be located above probable ground water 
levels. Surface runoff and underground drainage should be away from 
the structure. Provisions should be included to guard against the 
sanitary hazards related to location; groundwater levels, movements, 
and quality; character of soil; possibility of wastewater pollution; 
arid overtopping by floods, sites in ravines or iow areas subject to 
periodic flooding should be avoided. Any sewer located within 50 
feet of a storage reservoir with a floor below ground level should be 
constructed of extra-heavy or service-weight cast iron pipe with 
tested; water tight mechanical joints. No sewer should be located 
less than 10 feet from the reservoir. 

Ail storage reservoirs should be protected against flood waters or 
high water levels in any stream, lake* or other body of water. These 
reservoirs should be placed above the high water level, and the 
structure and its related parts should be watertight. The ground 
SUr face _?k° ve the reservoir should be graded to drain surface water 
away from the reservoir and to prevent pooling of surface water 
within the vicinity- _Wails or fencing should surround open 
reservoirs, and public access should be prohibited. 
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Is storage tank structurally sound? 



The inspector should base the answer to this question on visual 
observation; Look for washouts and signs of foundation failure. 

Are overflow lines, air vents, drainage lines, or cleanout pipes 
turned downward or covered, screened, and terminated a minimum of 
3 diameters above the ground or storage tank surface? 

Any overflow, blowoff , or cleanout pipe from a storage reservoir 
should discharge freely into an open basin from a point hot less than 
three diameters oiT the discharge pipe above the top or spill line of 
the open basin. All overflow, blowoff, or cleanout pipes should be 
turned downward to prevent entrance of rain and should have removable 
#24-mesh screens to prevent the entrance of birds, insects, rodents, 
and contaminating materials.. If the discharge pipes are likely to be 
submerged by surface or flood Water, a watertight blind flange should 
be provided to attach to the pipe opening to prevent contaminated 
water backf low into the reservoir.. If the reservoir must be emptied 
when the normal outlet is submerged by surface or flood waters, pumps 
with outlets above the flood Water should be used for emptying. 

Is site adequately protected against vandalism? 

Manholes and manhole frames Used on covered storage reservoirs and 
elevated tanks should be fitted with raised, watertight walls. Each 
manhole frame should be closed with a solid Watertight cover and a 
sturdy locking device. The frame should be locked When not in use. 
The storage site should be fenced to prevent Unauthorized entry. 
Ladders to tops of storage tanks should terminate 10 feet above the 
ground to deter unauthorized climbing. 

Are surface coatings in contact with water approved? 

Coatings that are in contact with Water should be approved. 
Unauthorized coatings can create problems due to organic and 
inorganfc contamination of the stored Waters. 

is tank protected against icing and corrosion? 

Cathodic protection may be provided for metal storage tanks. icing " 
can be a particularly traumatic problem in northern areas. Tanks 
have "blown tfteir tops" due to the pressures that can result; in less 
severe cases, tl^e cathodic protection and tank interiors may be 
damaged. Tanks Should not be allowed to remain idle if freezing is a 
problem. HeatersVnay need to be used in tanks reserved for emergency 
purposes. 

Can tank be isolated fern the system? 

Tanks should be able to be taken out of the system for repair without 
shutting down entire system. 
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9. 



Is all treated water storage covered? 



Reservoirs should be covered to prevent airborne contamination (birds 
and algae growths that impart tastes arid odors). Covers should be 
waterti ? ht ' mac3e of permanent material, arid constructed to drain 
f ^ reei y_? r1 ^ to _P r event contamination from entering the stored water . 
^ e surface of a storage reservoir cover should riot be used for any 
purpose that may result in contamination of the stored water. 

10. What is cleaning frequency for tanks? 

Over a period of time, reservoirs may accumulate organic and inor- 
ganic debris, which settles to the bottom as a sludge. This sludge 
can contribute taste, odors, arid turbidity to the systems when it 
accumulates to a depth approaching the outlet pipe* Periodic drain- 
ing of the tank and cleaning is necessary. The tank should then be 
disinfected before reuse. 



11, Are storage tanks disinfected after repairs? 

Reservoirs and elevated tanks on the distribution system should be 
disinfected before being put into service or after extensive repairs 
or cleaning have been completed. 




Types arid Characteristics 
Sanitary Risks 



Unit Objectives 



ft major function of the sanitary survey is 
to determine that tne storage system is 
free of and protected from contamination, 
Hydropneumatic storage will be discussed 
arid sanitary risks outlined. 



Approximate Presentation Time : 30 minutes 
Iris true tor Ma ter ial ^ 
b Basic Material 

o Transparencies 6-4 through 6-8 
o Overhead projector arid screen 
o Chalkboard 



Student Materials 

o Student's Text , Unit 6b 
Studeri t Preparation 

b Read Unit 6b prior to the session. 
Unit References 



o Small Wat^r Systems Serving the Public 

(Chapter b) 
o Manual of Individual Water Supply 

Systems (Part V) 
o Planri ing for an Individual Water System 

(Part V) 

o Water Supply System Operation (Chapters 
3 and 5) 



Lbgis t ics 



6-5 




Use Transpai 
6-5 and 6-6. 



-4, 



Explain principle of 
system * 



Types and Characteristics (id minutes) 



Principle: Air pocket at top; pump ' s 
energy ptushes air dbwri/ water but; 
cycle repeats when energy dissipates 



Xjpc a t <?- ori the transparency 
the various system 
components . Ask students 
to describe the functions . 

Use Transparency 6-7 to 
show various types of 
system tanks . 



Comp o nents 
o Steel tank 

o Conventional (air and 

water in contact) 
o Floating wafer (wafer 

separates air and water) 
o Flexible separator (diaphragm or 
bag separates air and water) 
o Air volume control 
o Relief valve 
o Inlet piping 
o Pressure gauges 
6 Motor controls 

6 High-low water level controls 
b Low pressure/flow controls 
b Discharge piping 
b Air compressor and controls 
o Pump 



List terms on chalkboard. 
Ask students to define 
them. Explain as 
necessary . 



3 . Terms 



o Cy_cle_xa\te - frequency of pump 

stcirt and stop per hour 
o Cut-in Pressure - predetermined low 

pressure level in system at which 

pump is activated 
o Cut-out Pressure - predetermined 

pressure level in system at which 

pump shuts off 



Use questions to guide 
class discussion. 



1. What advantages/disadvantages do 
the various types of tanks offer*? 

2 . Explain why h y dr opn euma tic systems 
have less usable storage than 
gravity systems * 

3. What might this mean in terms of 
sanitary protection? 



Sanitary and Other Risks (15 minutes) 

li Does low pressure level provide 
adequate pressure? 

o Backf iow/backsiphonage potential 



Explain purpose of 
controls and what to 
look for. 



2. Are instruments and controls adequate, 
operational > and being utilized? 
o Water level sight glass 
o Pressure gauges 
o Water level controls 
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Explain importance of 
each question and its 
rationale . 



3. Are the interior and 

exterior surfaces of the pressure tank 

in good physical condition? 

o Hazards of improperly maintained 
tank; e.g., at 50 psi a tank has 
3.5 tons of pressure per square foot, 
DO NOT TAP TANKS WITH METAL OBJECTS. 



Use Transparency 6-8- 

Explain how to estimate 
if storage capacity is 
adequate. Lxplain 
formula . 



4. Tank supports should be structurally 
sound . 

b Structurally sound and properly 
positioned 

5 . Is storage capacity adequate? 

Storage Capacity-JtssessmexLt 

o Formula for estimating appropriate 
tank size 



Q - 



Qm 



Q = Tank volume in gallons 
Qm = Peak demand rate gpm x desired 

minutes of storage 
P^ = Cut-in pressure + atmospheric 

pressure (i4,7 psi) 
P2 = Cut-out pressure + atmospheric 

pressure (14.7 psi) 



6 Data Sources 

b Operating records to determine peak 

demand arid supply rates 
b Engineering records to determine 

system design pressures, capacity 



Work problem on 
chalkboard. Use other 
examples. Ask one or 
two students to work 
problem on chalkboard 
for class. 

Describe a waterlogged 
tank . 



1. What would be the minimum tank size 
needed to meet a peak demand of 
30 gpm for 5 minutes and gsr^e 
pressures of 40-60 psi? 

6. What is the cycle rate? 

b Indicator of waterlogged tank 
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unit 6b: Hydropneumatic Tanks 



Un i t Summary 

Types and Characteristics 
Sanitary Risks 



Unit References 



Small Water Systems Serving the Public 
(Chapter 6) 

Manual of individual Water supply Systems 
(Part V) 

Planning for an Individual Water System 

(Chapter V) 
Water Supply System Operation 

(Chapter 3 and 5) 



Basic Material 

Hydropneumatic systems are very common for use in storing arid distributing 
small water supplies. They combine the energy from a pump with the 
principle of air pressure to force water into the distribution system. 
Understanding how the hydropneumatic system is susceptible to sanitary 
risks requires understanding basic system operation arid the irble of system 
components - 

The system operates in the following manner: 

o The pump starts up at a certain pressure ( cut-in pressure ) , and the 
energy from the pump moves through water to the pocket of air , air 
volume , at the top of the pressure tank . 

o When the pressure builds to a certain point (cut-out pressure ) , the 
pump stops arid the air forces the water into the distribution 
system. 



o when the pressure becomes * oo low, the pump starts up again, and 
^ e c Y c * e is repeated. T cycle rate is the number of times the 
pump starts and stops in 1 hour. 

A typical hydropneumatic system is made up of the following parts: 





Item 




Purpose 


o 


Steel tank 




Store water 


o 


Air. volume control 




Control air volume 


d 


Relief valve 




Prevent excess iv ely h igh pressure 


o 


Inlet piping 




Allow flow of water into system 


o 


Pressure gauges 




Mon i tor pressure 


o 


Motor controls 




Control cut-in and cut-out points 


o 


High/low water level 


controls 


Regulate water level 


o 


tow pressure or flow 


controls 


Maintain balance between water and 








air pressure 


b 


Discharge piping/air 




Discharge water from tank; force 




compressor 




additional air in to increase 








pressure (prepressoxiz^ingO 



Most systems differ only in the kind of pressure storage tank used. The 
pressure tank is a significant part of the system in that the methods of 
separating water and air and the tank size and placement vary. All these 
factors may contribute to the degree of vulnerability to sanitary risks. 
The three kinds of tanks are: 

Conventional 

° A ^ r _?? sn] ' :on * n 3i rect contact with water; air volume controls 
necessary 

o Capacity ranges from a few to several thousand gallons 
o Vertical or horizontal placement 

o Outlet located near bottom of tank; combined inlet-outlet or 

separated on opposite sides of tank 
o Air volume control located in upper portion of tank; provisions 

available for prepressur iz ing 

Floating Wafer 



o Floating wafer (rigid floats or flexible rubber or plastic) 

separates water arid air, feu£ separation riot complete; some loss of 
air expected, requiring occasional recharging 

o Vertical placement limits tank capacity 

o Inlet and outlet combined at bottom of tank 

o Internal air check valve to prevent premature loss of air due to 
electric outage or excess water demand 

Flexible Separators 

o Separator fastened around inside of tank for complete separation of 

air arid water, either flexible diaphragm or bag type 
o ver tical placement limits tank capacity 

o Supercharged at factory to pressures just below pump starting 
pressare 
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Sa h i ta r y- Risk 3 



Does low pressure level provide adequate pressure? 



M ? in ^ enanc ® of adequate pressure is especially important. Too litt-" 1 
pressure can cause a reversal in the flow of the water* allowing v 
from a polluted source to enter a potable/ stored water source. To~ 
high pressure can strain system components, cause high leakage rates, 
can force air out with water. Low pressure can indicate improper 
connections , or cross-connections , made from storage to serviced 
facilities. Adequate pressure is needed to keep the water flowing from 
storage to serviced areas. Backpressure back flow occurs when potable 
water pressure is less than nonpotable pressure; back s iphonage -back flow 
is a reversal stemming from a vacuum at the potable supply. Backflbw 
and backsiphonage are especially hazardous sanitary risks when they 
involve poisonous or harmful chemicals. Inspectors must be aware of 
proximity of polluted sources and must protect stored water against 
cross-connections . 

To ensure against back flow and backsiphonage, minimum pressure must be 
maintained at all times. 



Inspectors should check engineering records to assess potential hazards 
in the water of facilities served by the system and consult operating 
records to see whether pressure is adequate at service connections. 

2. Are instruments and controls adequate* operational, and being utilized? 

Proper operation and maintenance of the storage system is also essen- 
tial. Failure to adjust gauges and controls properly can lead to in- 
adequate pressure and/or inadequate supplies of water. Also, pollution 
of the storage tank can occur from airborne or waterbbrrie foreign 
matter; Careful installation and maintenance of pollution prevention 
devices can prevent their entry into the hydropneumatic system. 



To ensure proper operation and maintenance of the system, the 
following components must be routinely checked and adjusted for 
changes in the peak demand: 

b Air volume control 

b Relief valve 

b Motor controls 

o High/low water level controls 

o Low pressure flow controls 

o Air compressor and controls 



System Pressures 
(Pounds Per Square Inch) 



Optimum Working Pressure = 40-60 psi 
Minimum Working Pressure = 35 psi 



Maximum Pressure at Service Connections = 100 psi 
Minimum Pressure at Service Connections = 20 psi 
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Frequently, c< ois are not adjusting after delivery of the system 
from the factory. Operating records will reveal original calibration 
and whether peak demand has changed. 

3. Are the interior arid exterior surfaces in good condition? 

The interior arid exterior should be in good physical condition. The 
inspector may riot be able to inspect the interior surfaces but should 
emphasize the importance of regular inspections. The inspector may 
determine if they are being performed by reviewing maintenance records. 

4. Ate tank supports structurally sound? 
The tank should be properly supported. 

5. Is storage capacity adequate? 

There are several formulas for determining required storage capacity. 
One method is presented . 

In selecting and evaluating the tank, storage capacity must be matched 
to the peak demand (period of highest water use) of the system. 
Otherwise, the tank will supply neither sufficient daily water needs 
nor emergency needs, such as for f iref ighting . 

To ensure against inadequate storage capacity (arid straining facili- 
ties at peak demand) , purveyors must know pumping capacity and peak 
demand rates, which can be used in the formula below to compute 
appropriate tank size. Engineering records list pump capacity, cut- 
in, arid cut-out pressures. Operating records show current peak demand 
arid whether peak demand has changed since the tank was installed, 
which could require a change in tank size. 

Formula for Estimating 
Appropriate Tank Size 



Q = Q m 



Q = Tank volume in gallons 
Qm = Peak demand rate* gfxn x desired minutes of storage 
Pi " Cut-in pressure + atmospheric pressure (14.7 psij 
P 2 ■ Cut-out pressure + atmospheric pressure (14.7 psi) 



What is the cycle rate? 

The pressure pump should not cycle frequently (10-15 cycles/hour 
acceptable) . Frequent or constant operation of the pressure pump 
indicates a "waterlogged" tank or improper settings bri the pressure 
controls . 
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Hydropneumatic Tanks 
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Types of Pressure Tanks 
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UNIT 7: WATER DISTRIBUTION - "THE NEED TO KNOW" 



Unit Summary 



Components of a Distribution System 
Sanitary Risks 

Types of Cross-Connections 
Sanitary Risks 



o Components 

o Sanitary Risks 

7b : Cross-Connections 

° Types and Characteristics 
b Sanitary Risks 



Unit Contents 



7a: 



Distribution Systems 
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UNIT 7a: Distribution Systems - "the Need To Know" 
Unit Summary : 



Components of a Distribution System 
Sanitary Risks 



Unit Objectives ' 

A knowledge of distribution system components 
arif3 interaction is essential in assess- 

ing the sanitary integrity of a system. This 
Dnit: ? h 9y ld __? artt _ iliar the student with dis- 
tribution system components and their risks. 



trcgistics " ' — 

Approximate Presentation Tim e: 45 Minutes 

Instructor Materials 

o Basic Material 

o Transparencies 7-1 through 7-3 
o Overhead projector and screen 
o chalkboard 



Instructor Preparation 

6 During this presentation , the instructor 
will be asked to draw on the chalkboard 
a simple diagram of a typical distribu- 
tion system, a rough sketch of this 
diagram should be prepared in advance. 

Stu dent Ma terials 

o Student's Text, Unit 7a 
Stadgnt Prepa ration 

o Read T ^nit 7a prior to the session. 
Unit References 

b Small Water Systems Serving the. 

Public (Chapter 11) 
b Manual of Individual water S ply 

Systems (Part v) 
o Manual for Evaluating Public 

Drinking Water Supplies (Part iiij 
° W :ter Supply System Operation (Chapters 

6 through 8) 



7 



Use Transparency 7-1. 



Components of a Distribution System (15 
minutes) 



Explain types and 
function of pipes. 
Briefl y discuss concept 
of pressure head loss 
relative to pipe sizing. 

Use Transparency 7-2 - 



Use Transparency 7-3. 

Explain types, functions/ 
and purposes of valves. 
S ketch a simple diagram 
of a distribution system 
on the chalkboard. 
Ask students to identify 
locations where these 
valves might be used. 



Pipes 

o Convey supply to points of use 
o Pip e size relative to flow 

gpm , distance 
o Types : 

b Galvanized . Not recommended for 

underground use; subject to corrosion 
from soil> acid water 

o Copper . Heavy types used under- 
ground; less sensitive to corrosion 

b Plastic . Corrosion resistant; 
subject to puncture 

d Cast- Iron . Corrosion resistant; good 
hydraulic characteristics 

° A/C. Lightweight; corrosion resistant 

° Lead » Present in older systems. Can 
be a source of lead contamination in 
tapwater 



Valves 

o Control water flow 

o Control backflow 

o Adjust water levels and 

pressures 
6 isolate sections of system 

for repair 
b Types: 

b ShXit^Off valves stop flow of water, 
o Check V alves permit water to flow in 

one direction only, 
o F l ow Control valve s provide uniform 

flow at varying pressures, 
o Relief- V al ve s permit water to escape 

from the system to relieve excess 

pressure • 

o Float Valves respond to high water 
levels to close an inlet pipe. 

o Altitude Valves shut off flow of 
water to storage tanks at a preset 
level to avoid overflow. 

o Biowbj*? Valves provide a means to 
flush ^sedimentation from low 
points/deadends in the distribution 
system. 

o Air Relief Valves are used at high 
points to release entrapped air. 

° ^ assure Reducing Valves are used for 
reducing pressure between a high and 
low pressure area. 

b Hydrants provide water for fire- 
fighting as well as a means to flush 
system . 
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Explain other components 
arid their purposes and 
functions. Use the 
diagram to demonstrate 
locations of all system 
components • 



Meters 

o Monitor flow through various sections 
to provide regulation , reimbiir seine rit , 
and maintenance ; 



Meter Vaults 

o Protect meters and controls 

Thrust Blocks and Anchors. 

o Protect against pipe movement 

Sanitary Risks (30 minutes) 

Is proper pressure maintained through- 
out the system? 
b Inadequate working pressure 

- Backs iphonage /back flow potential 
b Pressure maintenance during peak 

demand 



Use questions to guide 
class discussion - 



Explain how low pressure or 
pressure fluctuation might con- 
tribute to backslphonage; 
Why must the pressure controls be 
adjusted to adapt the system to 
demand fluctuation? 

What controls would be used to make 
these adjustments? 



Ask students what 
information would be 
desired on a distri- 
bution plan. 



2 . What types of construction materials 
are used? 

b Pipes 

o Caulking materials 

3. Are plans of the water system available 
and current? 

d Minimum of Plan 

- locations 

- Main size 

- Valve location 

o Ability to isolate sections without 

loss of service to the system 
o Deadends 



the importance 
of each of these factors 
on the sanitary risks of 
the water system. 



Briefly describe AWWA 
disinfection procedures. 



4. Does the utility have an adequate 
maintenance program? 

b Frequency of main breaks 

b Pressure testing 

b Flushing program 

b Valve maintenance program 

o Corrosion control 

o Disinfection procedures 

5. Is the system interconnected with any 
other water system? 

o Drought 
o Emergency 
7-4 



251 



UNIT 7a: Distribution Systems 



Unit Summary 

Components of a Distribution System 
Sanitary Risks 



Un it References 

Small Water Systems Serving the public 

(Chapter 11) 
Manual of Individual water Supply Systems 

(Part V) 

Manual for Evaluating Public Drinking Water 

Supplies (Part III) 
Water Supply System Operation 

Chapters 6, 7, and 8) 



Basic Material 

Many failures to meet the requirements of the drinking water standards are 
directly related to the use of poor operating arid maintenance procedures 
for distribution systems or to the presence of sanitary defects in the 
system. Some causes that contribute to poor water quality are: 

° Iris ?? f icient treatment at the point of production 

o Cross-connections 

o Improperly protected distribution system storage 

o Inadequate main disinfection 

o Unsatisfactory main construction ^ including improper joint-packing 

o Close proximity of sewer and water mains 

6 Improperly constructed* maintained* or located blowoff* vacuum, and 

air relief valves 

b Negative pressures in the distribution system 



Components of the Distr ibxttion System 

The following briefly describe some of the important components of a 
distribution system. 



ST 7-2 



252 



Pipes 



o Convey supply to points of use 

9 ?iP e size relative to flow gpm > distance 
o Types 

o Galvanized. Not recommended for underground use; subject to 

corrosion from soil, acid water 
o copper .Heavy types used underground; less sensitive to 

corrosion 

o Plastic, Corrosion resistant; subject to puncture 

o Cast Iron/buctile Iro n. Corrosion resistant; good hydraulic 

characteristics; unlined pipe can be subject to iron tubercles 
° Ashes tos _ Cement . Lightweight, corrosion resistant; easily cut 

but easily broken 
° £ead . Used in older systems, particularly as service tines. No 

longer approved under any circumstances due to possibility of 

contaminating tapwater . 



Valves 



b Control water flow 
o Control backflow 

o Adjust water levels and pressures 

o Isolate sections of system for repair 

b Types 

b Shut-Off Valves stop flow of water . 

b Check Valves permit water to flow in one direction only, 
b Plow Control Valves provide uniform flow at varying pressures, 
d Reli e f Valves permit water to escape from the system to relieve 
excess pressure. 

o Float Valves respond to high water levels to close an inlet pipe, 
b B lowdff Valv es provide a means to flush sediment from low 

points/deadends in the distribution system, 
o Altitude Valv es^ are used to shut off flow of water into storage 

^ a "_ k a ^_? P reset level to avoid overflow arid allows water to 

flow into tank after level drops. 
° Air Relief Valves are used at high points to release entrapped 

air . 

o Hydrants provide water for firefighting and aire a means to flush 
the system. 

Meters 

° Monitor flow through various sections to provide regulation > 
reimbursement, and maintenance 

Meter Vaults 

b Protect meters and controls 

Thrust Blocks and Anchors 

b Protect against pipe movement 
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Sanita ry Risks 

The questions that a surveyor should be asking with regard to the 
distribution system and their rationale fellow; 



Is proper pressure (40-70 psi) maintained throughout the system? 

The system should be designed to supply adequate quantities of water 
under ample pressure and should be operated tc prevent, as far as 
possible, conditions leading to the occurrence of negative pressure- 
Steps to prevent negative pressure should include minimizing planned 
shutdowns, providing adequate supply capacity, correcting undersized 
conditions* and proper iy selecting and locating booster pumps to 
prevent the occurrence of a negative head in piping subject to 
suction. Continuity of service and maintenance of adequate pressure 
throughout a public water supply system are essential to prevent 
backsiphonage. The inspector should determine if complaints about 
inadequate pressure have been registered. He or she should determine 
if there is a program to periodically monitor pressures throughout the 
system. 

What types of construction rraterials are used? 

The components of the distribution system should meet the current AWWa 
standards. The corrosive effects of finished water on nonferrous 
metal pipe used for water-service lines should be considered, together 
with possible toxicologicai effects on consumers, resulting from 
solution of the metals. Only nontoxic plastic pipe should be used, 
when plastic pipe is acceptable. Materials used for caulking should 
riot be able to support pathogenic bacteria and should be free of oil, 
tar, or greasy substances. Joint packing materials should meet the 
latest AWWA specifications. 

Are plans of the water system available and current? 

The minimum record of a distribution system contains maps showing 
locations of all mains, main size, and the location in detail of every 
line valve. The pipe layout should be designed for future additions 
and connections to provide circulation where deadends are necessary in 
the growth state of the pipe system. The system should be provided 
with sufficient bypass arid blowoff valves to make necessary repairs 
without undue interruption of service over any appreciable area. 
Blowoff connections to sewers or sewer manholes should be prohibited. 

4. Does the system have an adequate maintenance program? 

This is actually an overall evaluation of the answers t*b a series of 
questions, such as: 

a. What is the frequency of main breaks? 

The majority of breaks are not due to age but to leaks. The leaks 
undermine the pipe, consequently causing it to fail under the 
weight of the overburden. To prevent main breaks, a routine 
program for leak detection should be conducted. 
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b. Does the utility Have a pressure testing program? 

Such a program may be conducted in conjunction with th* fi re 
department to determine adequacy of fire flow. A record of 
pressures throughout the system may help to ide-tifv problems 
If they are conducted both during the day and at night, th y will 
indicate the hydraulic efficiency under common requirements 



C . 



Does the utility have a flushing program? 

The whole system should be flushed once or twice a year due to 
sediment deposition in the lines. The flushing should be well 
planned and carried out, beginning at points near the water 
p^ant/storage and moving to the outer ends. 



Does the utility have a valve maintenance program? 

All valves in a system should be inspected on a routine basis. 
The frequency of inspection depends on type of valve, but an 
annual inspection is desirable Tor all valves. This should 
include completely closing, reopening to about one-quarter, and 
reclosing until valve seats properly. A record of valve 
maintenance and operation should be kept. 

Does the utility have a corrosion control program? 

The utility should have a program to evaluate corrosion and the 
effectiveness of corrosion control particularly to control 
contaminants such as lead and cadmium. 

Are proper disinfection procedures used after repairs? 



The procedure outlined in the AWWA Standard for Disinfecting 
Water Mains should be followed. The inspector should question 
the operator as to what procedures are used. The final 
determining factor should be that new mains and repaired main 
sections should demonstrate negative bacteriological results 
prior to being placed in service. 

Is the system interconnected with any other water systems? 
This of of concern for two reasons : 

a. The water systems to which it is connected may be of a lower 
tuality arid potentially pose a risk. 



b; 



The other water system may provide an alternate source in the 
case of drought, contamination of the primary source or a similar 
emergency . 



The inspector should evaluate the answers to such questions and the 
availability of records to determine the adequacy of the maintenance 
program. 
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UNIT 7b: Cross-Connect ions - "The Need To Know" 



Unit Summary 



Types and Cii.iracter istics 
Sanitary Risks 

Surveying foe Cross-Connection Hazards 
Exercise i: Protection Against Cross- 
Connections 



Cross-conrect ion^ can be a major source o f 
contamination of a water system- To 
determine the degree of protection afforded 
a water system, an inspector must under- 
stand cross-connection control. In this 
unit we will briefly describe cross- 
connections, their control and common 
location within the treatment plant. 



Approx imate Presentation Time : 30 Minutes 



Instructor Ma^e4:-LaJ^s 
o Basic Material 

o Transparencies 7-4 through 7-9 
Student Material 

6 Student's Text, unit 7b 
References 

o Small Water Systems Serv ing the 

Public (Chapter 15) 
o eross-eonnection Control Manual 
o Water Supply System Operation (Chapters 

6 and 8) 



Unit Objectives 



tog is t ics 
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Use Transparency 7-4; 



T ypes? and Character i stics (10 minutes) 



Defin e cross-connection. 
Draw simple diagram on 
chalkboard showing the 
two types of connections. 

Define backf low and 
backsiphonage * 

For each case shown/ 
ask students tb_identify 
contact point of 
connection, and to 
explain how reversed 
flow might result. 



Use Transparency 7-5. 

Use example situations; 
have students identify 
whether backf low or 
backsiphonage and 
recommend control. 

Us^ questions ,^ guide 
class discussion. 



Use Transparencies 7-6/ 
7-7, and 7-8 to show 
various types of 
preventive devices. Ash 
students to explain how 
each would prevent 
reverse flow. 



J^X^t underlined topics 
on chalkboard, a sk 
students to list 
possible sanitary risks 
to potable water supplies. 

Exp la in how each factor is 
a potential risk. Discuss 
degree of r isk . 



Crosjs-connect iort : A connection between 
a drinking (potable) water system and 
an unapproved water supply 

Types of Cross-Connections 
o Pipe-to-pipe 
o Pipe-to-water 

Contamination Hazard 



Contamination hazards result from 
polluted fluids entering the potable 
system through the crbss-cbnhect ion , 
generally when distribution pressure is 
inadequate . 



o Ba c k 5 Iph o n a g e^ occurs when a negative 
pressure or partial vacuum is created 
in the potable system; 

° Backf low occurs when the pollution 

source pressure i: greater than that: i*. 
the potable system. 

What is the major difference between 
backflow and backsiphonage? 
How can a building be protected 
against backs iph On a ge ? 

C o n t a m f n a t .t H Pre'v^n^l ^ii 



o Removal of physical connection 

o Air gap separators 

o Surge tanks with air gaps 
o Double check, doable gate valve- 
o Approved backf low prevention devices 

o Vacuum breaker 

o Reduced pressure zone 

o Swing connection 

6 Barometric loop 

Locations (5 minutes) 

U n a uthorized Cor vn^t^or^s f rom Faci 1 i t y 
o to other systems/ i.e.,; fire systems 
o To unapproved wells 
o Restricted uses 

- Fixtures and equipment 
regulated by ordinance 



1. 
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Use personal experiences 
and anecdotes to relate 
the course material to 
actual situations an 
inspector may encounter 
during a sanitary survey. 



Uncoivtrol led/Urttnonitored - 
C onnection s from Facility 

o To hazardous water uses 

*- Wastewater treatment plants 

- Boiler plants 

~ Chemical manufacturing plants 

- Hospitals (health care facilities; 

- Nuclear power plants 



Ask students to explain 
why pressure maintenance 
is critical in preventing 
contamination* JisJc how an 
inspector might determine 
that a facility is having 
pressure problems . 



o To intermediate hazards 

- Schools 

- Home s 

- Other 

b No a ir gap in service line 

b No backf low/back siphonage prevention 
devices 

o Insufficient maintenance of devices 

- Inadequate for flow rate 

- Wrong devices 

- Breakdown 

Pr^&s^sUre Fluctuations 

O Vacuum at facility 

- Inadequate pumping 

- Emergency-fire, drought, 
etc . 

o Reduced pressure in s e . c v i • ~. 3 Z. i n ■?> 

- Blockage in pipes 

- Break in pipes 

- Hydrant breaks 



Ask questions that review 
sanitary risk factors and 
lead to detailed discussion 
of how risks occur. 



2 . 



3. 



Why must cross-connection control 
devices be carefully checked after 
a large fire? 

Does a link to a lesser hazard, such 
as a school, present as great a 
potential for a cross-connection 
hazard as a chemical plant? 
What should a pltimber know about 
cross-connections before working in a 
community servod by a water facility? 
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Sanitary Risks (15 minutes) 



a nd anecdote s to relate 
the course material 
to actual situations 
an inspector may 
encounter during a 
survey • 



!• Does the utility have a cross-conhecti' 
prevention program? 

Requirements 

b Authority to establish program 
6 Technical provisions relating to 

eliminating backflow and 

cross— connections 
b penalty provisions for violations 

2 - Are backflow prevention devices 

installed at all appropriate locations 
and tested periodically? 

b Locations 

o Wastewater treatment plants 

o Boiler plants 

o ehtmicai plants 

o Hospitals 

o Mortuaries , etc . 
o Periodic testing necessary 



Use Transparency 7-9. 

Em ph as i z e importan ce of 
inspectors to point but 
problems at plant since 
cross-connections there 
can affect whole system. 



3* Are cross-connections present at the 
treatment plant? 

b Submerged inlets to solution 
tanks (hypochlorite, fluoride , 
etc.) without backflow protection 

b Connections between solution tanks 
and sewers 

o Split chemical feed going to raw and 
f inishec. water injection 

o Finished water and supply water lines 
connected 

o Finished water used for priming raw 
water pumps without backflow 
prevention 

o Garden hoses in buckets > meter 
vaults > sinks filled with water 
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Protection Against CrossConnect ibris 



xuLt dori -1 - There is a submerged inlet in the second floor bathtub- fin 



automobile breaks a nearby fife hydrant causing a rush of 
water and a negative pressure in the service line to the 
house > sucking dirty water out of the bathtub; 



ua t ion 2 - A direct connection from the city supply to a boiler exists 



as a safety measure andfbr filling the system. The boiler 
water system is chemically treated for scale prevention and 
corrosion Control. The boiler water recirculation pump 
discharge pressure or backpressure from the boiler exceeds 
tiie city water pressure and the chemically treated water is 
pumped into the domestic system through an open or leaky 
v a 1 ve • 



1*3 1 i ■ - n j - Wastewater seeping from a residential cesspool pollutes a 



private well that is used for lawn sprinkling • The domestic 
water system, which is served from a city main, is connected 
*'<: the well supply by means of a valve. The purpose of the 
connect ion may be to prime the well supply for emergency 
dome stic use - During periods c f low city water pressure , 
possibly when lawn sprinkling is at its peak, the well pump 
discharge pressure exceeds l _ at of the city main and welj 
water is pumped into t^e ity supply through an open or 
leaky vah'e. 



- f _j 1 - A chemical tank has a submerged inlet- The plant fire pump 



draws suction directly from the city water supply line, 
which is insufficient to serve normal plant requirements and 



,; -!t ion b - A single-valved connection exists between the public> 



potable water supply and the fire-sprinkler system of a 
mill . The sprinkler system is normally supplied from a 
nearby lake through a high-pressure pump. About the lake 
aire large numbers of overflowing septic tanks. When the 
valve is left open, contaminated lake water can be pumped to 
the public supply. 



Head the objectives/directions to the students- 
Allow 10 minutes.. 

Review and determine acceptability of student responses. Clarify 

procedures /que st; ions • 



a major fire at the same time. During a fire emergency, 

reversed flow n>ay occur within the plant. 
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Suggested Key 

?: T ;ua';- - The hot and cold water inlets to the bathtub should be above 

the rim of the tub. 

situation 2 - As minimum protection, two check valves in series should be 
provided in the makeup water line to the boiler system. Ah 
a irgap separation or reduced pressure principle backfldw 
preventer is better . 

Pr r.uat ion 1 - T'Jie. connection between the well water and city water should 
be broken . 



Sit'; r ion 4 - The water service to the chemical tank should be provided 
t ) i r ou gh an air gap . 

s tuition 5 - The potable water supply to the fire system should be 

through an airgap, or a reduced pressure bac^fiow preventer 
should be used. 
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UNIT 7b: Cross-Connect ions 



Unit Summary 

Type and Characteristics of 

Cross-connections 
Sanitary Risks 



Unit References 

Small Water Systems Serving the Public 

(Chapter 15) 
Crbss-Cbhriectid'i Central >\' riual 
Water Supply 3 tc Opet a*; on 

(Chapters 6 Nric 



Basic Material 



To prevent contamination of the community's water supply, the purveyor 
mast make sure that service connections are properly made and are 
continually monitored fc: cross-connection hazards, fi cross-connection i: 
a physical connection or arrangement between otherwise separate piping 
systems containing Potable and other water, whereby water may flow between 
the two systems. Hazards occur when water flows towa rd the potabi ^ ply 
instead of from it to the service outlets. Unlass controlled, croc:: 
connections can result in contaminated water replacing potable water at 
various sites within a water system. if the contaminated water is 
unobstructed and its force is great enough , it can enter the potable 
supply at the water facility, endangering the health of the entire 
commun ity . 

ft cross-connection link can be made either as a pipe-to-pipe connection , 
in which potable and con tamiha ted water pipes are linked without the 
proper control valves, or as a pipe-to-water connection , in which the 
outlet from a potable wate;: supply is submerged in contaminated water. 
Cross-connections are ^sualiy made unintentionally or are made because 
their hazards are not recognized. The two major types of cross-connection 
hazards — backpressure back flow and backsiphonage back flow — are 
distinguished by their origins. Backpressure back flow refers to the flow 
of water toward a potable supply when the contaminated water 's pressure is 
greater than the potable water *s pressure. Contaminated water pushes 
toward trie potable supply. (Liquid flows from a place of high pressure to 
one of lower pressure.) Backsiphonage back flow is a type of back flow 
resulting from negative pressure (a vacuum) in the distributing pipes of a 
f o able water supply . Contaminated water is sucked up toward the potable 
supply . 
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Plumbing defects can occi;r within any part of a water system, arid cross- 
connection, hazarite can occur where outside water pressure can exceed 
potable water pressure. Therefore, cross-connections must be prevented or 
controlled at all service sites as weii as at the water facility; 

Successful control of cross-connection hazards depends not only on 
vo ^ untary r, °^ b y thiB water purveyor and water users, 

but also on an enforceable cciranunity control program. if a community 
subscribes to a modern piambing code/ such as the National Plumbing Code, 
its provisions will govern backfiow and cross-connections- Still, the 
water facility must obtain authority to conduct a community inspection 
program through an ordinance or other means, A cross-connection control 
or i . nee should have at least three basic parts: 

Authority for establishment of a program. 

o The technical provisions relating to eliminating back flow and 
cross-connections . 

b Penalty provisions for violations. 



Protection Aga inst San i tary Ri sks 

A ^ Service Sites : Cross-connections that occur at sites serviced by the 
water facility can usually be controlled at the sites themselves. For 
example, a submerged water outlet in an apartment building could result in 
contamination of the water for the entire building (as well as threatening 
the water facility's supply) if the water pressure of the contaminated 
water exceeds that of the potable water. To prevent this cross-connection 
hazard, each fixture in the building should have a vertical airgap between 
its water outlet and its flow-level rim. This will eliminate the physical 
cross-connection link and protect the building (and the municipal supply) 
against backflbw. An airgap separation may also be made at a point where 
the water service enters the building. (This protects only the municipal 
supply, however, arid not the building system.) Backflbw prevention 
devices, such as double-check, double-valve assemblies, can be installed 
when an airgap cannot be made. They can also provide backup when airgaps 
are made. Surge tanks, booster systems, arid cblbr-cbdirig arid labeling of 
pipes in dual water systems also protect buildings against cross-connection 
back flow. Backs iphonage can be prevented by installation of vacuum- 
breaking devices at water outlets where contaminated water is used and 
wh^re a vacuum could occur in the water supply pipe. 

At the Water Facility ; To lessen the chances of hazardoas cross- 
connections, water facilities should not be connected to unapproved 
systems or to private wells. If connections must be made to wastewater 
treatment plants, boiler plants, and other sites with inherently dangerous 
contaminants , the connect ions must be carefully monitored at the facility 

prevent contamination from entering the water supply. An airgap in 
the service line to a premise at which extreme hazards exist may be 
warranted. Waterworks officials often prescribe the installation of a 
backflbw prevention device in the service line to a premise where 
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hazardous use of water is .found. Lesser hazards can often be prevented 
with back flow prevention devices in other locations. Backfiow prevention 
devices are critical {used exclusively or as backup) in all water 
facilities because any water pressure greater than that of the facility 
could cause a flow reversal. Maintenance of systematic. water pressure 
will p: .vent backsiphonage stemming from the water facility. The facility 
must ai$b install and maintain devices that block backsiphonage flow as a 
backup in cases when pressure does drop. (This can occur if a main break 
or a fire overburdens tiie pumping capacity.) 



Types of De vices •■ 

Vacuum Breaker : \*vice that is activated by atmospheric pressure to 

h ._* ock the water supply line when negative pressure develops in the line* 
Thli55 action admits a^r to the lth3 and prevents backsiphonage. A vacuum 
breaker is not designed to provide protection against backfiow resulting 
from backpressure; and should riot be installed where backpressure may 
occur . 



77^ 



••- A 




PL£5SSf' -Ty pe Vac uum Breaker : This device s installed in pressurized 

i stems and will operate only when a vacuum occurs. It is usually spring 
loaded, and should be specially designed to operate after extended periods, 
under pressure because corrosion and deposition of material in the line 
might render it inoperable. 
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Reduced Pressare Zone Back flow Preve n ter (RPZ) : This device consists of 
two_ hydraulicaiiy or mechanically loaded pressure-reducing check valves, 
with a pressure-regulated relief valve located between the two check 
valves. Flow from the left enters the central chamber aqainst the 
pressure exerted by the loaded check valve 1. The supply pressure is 
reduced by a predetermined amount. The pressure in the central chamber is 
kept lower than the incoming supply pressure through the operation of 
relief valve 3, which discharges to the atmosphere whenever the central 
chamber pressure is within a few pounds of the inlet pressure. Check 
valve 2 is lightly loaded to open witha pressure drop of 1 psi in the 
direction of flow and is independent of the pressure required to open the 
relief valve. In the event that the pressure increases downstream from 
the device, tending to reverse the direction of flow, check valve 2 
closes, preventing backflow. Because all valves may leak as a result of 
wear or obstruction, the protection provided by the check valves is not 
considered sufficient. If some obstruction prevents check valve 2 from 
closing tightly, the leakage back into the central chamber would increase 
the pressure in this zone, the relief valve would open, and flow would be 
discharged to the atmosphere. 



When the supply pressure iir'opb to the minimum differential required to 
operate the relief valve^ the pressure in the central chamber should be 
atmospheric. .. f the inlet: pressure s : .<=vld drop below atmospheric 
pressure, re: -H: valve 3 si -Id remain r\. My open to the atmosphere to 
discharge any v that may flow back ^ result of backpressure and 

leakage of check vialvi- ?. . 



Malfunctioning of one \ f _ \fc en--, valves or relief valve should 

always be indicated by a discharge c2 water from the relief port. Under 
no circumstances should plugging of the relief port be permitted because 
the device depends on an open port for safe operation. The pressure loss 
t hrough the device mayo be expected to average between 10 and 20 psi .'-thin 
the normal range of operation, depending upon the size and flow rate of 
the device. 




Double-Che ck, Do u ble -Gat e ^g^ve- Assembly t The double-check , .double-gate 
valve assembly is a very useful arid, when properly maintained, reliable 
means of backflow protection for intermediate degrees of hazard. As in 
the case of other backflow preventers, the double-check, double-gate valve 
assembly should be inspected at regular intervals. Sortie health author!- 
ties have established programs of annual inspection. 

The double-check, double-gate system has the advantage of a low heac 
loss. With the gate valves wide open, the two checks, when in open 
position, offer little resistance to flow. 



Double-chack, double-gate assemblies should be well designed and con- 
structed. The valves should be all bronze or, for larger sizes, 
galvanized gray iron. The trim should be of bronze, or other corrosion- 
resistant material. Springs should be bronze, stainless steel, or spring 
c teel covered with a coat of vinyl plastic Valve discs should be of 
composition material with low water absorption properties. Test cocks 
should be provided. 
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Sanitary Risks 

To evaluate the potential risks of cross-connections, the inspector should 
determine the answers to the following: 



1. Does the utility have a cross-connection prevention program? 

The inspector should determine if the water facility has obtained 
authority to conduct a community inspection program through an 
ordinance or other means. A cross-connection control ordinance 
should have at least three basic parts: 

o Authority for establishment of a program 

o The technical provisions relating to eliminating backflow and 
cross-connections 

o Penalty provisions for violations 
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At ^ back flow prevention devices installed at all appropriate 
location (wastewater treatment plants, hospitals, industrial 
locatic; ; ? 

The threat of cross-contamination hazards is especially great at 
wastewater treatment plants, boiler plants, chemical manufacturing 
plants, hospitals, arid nuclear power plants. Their water may contain 
inherently dangerous materials. These sites_should be ensured 
against physical links a: id should be equipped with devices to prevent 
back flow and backsiphon^ge from contaminating water on the premises. 

Are cross-connections present at the treatment plant? 

The inspector should briefly discuss with the operator the importance 
of ensuring that there are no cross-connections at the plant either 
on a temporary or permanent basis. One way to help minimize the 
potential of cross-connections is to have the piping in the plant 
color coded. The primary sources of cross-connections in the 
treatment plant are submerged inlets to solution tanks, connections 
between potable water lines and process water lines, and at pumps. 
When using phosphate solutions, tanks must be kept covered and 
disinfected by carrying a 10 mg/1 free chlorine residua^ 1 to prevent 
the growth of bacteria. 
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Typil of Pipe 

Galvanized • Past Iron/Ductile Iron 



Ty pes of Pipe 



Qalvanized • Cast Iron/Ductile Iron 
Copper • Abesios Cement 
Plastic Lead 



n 
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Valves 



• Gate » Altitude 

• Cheek • Air Relief 

• Flow Control • Hvdrants 
« Blowoff 



s 

■a 
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Valv 



Gate • Altitude 

Check * Air Relief 

Flow Control » Hydrants 
Biowoff 
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e * Altitude 

ieck • Air Relief 

Flow Control * 
Blowoff 
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A Gross-Go meetlon Is? 




A Connection ietween a Drinking 
stem and Unapproved V^ater. 



n ►*< i _-< 
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A Cross-con nectio n Is? 

A Connection Between a Drinking Wafer 
System and Unapproved Water. 
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of Cross -Co nnecdons 

feoksiphonage Baekflow 
Backprsssure Baekflow 

it 
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Disc in Vacoom 
Breaking P o $ > ' i c r; 

O^eraiibri of i vac ;mm breaker. 
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Disc tri VdcUUsti 
Bredfeinr' Position 

Operation of* vacuum breaks. 
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ifma! Direction of Flow Reversed Direction of Flow 



Retell pressure zone backflow preventer - 
principle of operation. 

ERIC tyi 



Treatment Plant Situations: 

Submerged Inlets • Finished Raw 
Solution Tank-Sewer Water Connections 
Connections • Classic "Garden 

Split Chemical Feeds Hose" Situations 
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UNIT 8: MONI m GRING/RECORDKEEPING - " THE NEED TO KNDW" 



On i t Summary 



Monitoring Responsibility 
Monitor ing Requirements 
Recordkeeping 



In-plant Monitoring 



Unit Objectives 



A function of a sanitary survey is to 
determine facility compliance with the 
monitoring requirements. In order to make 
this determination -, an inspector must be 
familiar with the regulations, sampling and 
testing procedures, and laboratory report 
evaluation . 



Approximate- ^P resentation Ti me- : 45 minutes 
Instructor Materials 
o Basic Material 

o Transparencies 8-1 through 8-5 
o NIPDWR 

Student Materials 

b Student's Text, Unit 8 
S t U den t Pr e p a ration 

o Read Unit 8 prior to the session. 



o National Interim Primary Drinking Water 

Regulations 
o Water Treatment Plant Operation 

(Volume I; Chapter 10) 



Logistics 
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Uu.' rosponsi- 
; f or mon L t o 7* i n< 
it- with t.Ho 



Respbnsioii it ies ( >f Water Purveyor: 
o Arrange for ail applicable sarnpl.li 
r oqu i r ci « 1 i n the re qu x ations. 



' ■ A r r a n q e f o r s amp i e examinati o n s a * , < 
S*- at:e : -a ppr oved lahora tory . 

n Some States may require the 

Inspector to take samples and suhm.it 
o an approved laboratory as a rout i i 
i art o f a sanitary survey- 



f pie hey Requirements for Sampling a;vi Ana Ivsi ; 



Surf ace Source 



Grou na Source 



Ha c t e r i a Mb n th ly , based on 

population sorvr I 

Community systems of 

l^ss than 1,000 people, 

a .:\ i n imiiiri of one per 
month 



Same as for surface 
sources except that 
State a gency may 
reduce to one sample 
per calendar quarter 



Noil community systems , 
a mini miim of one pe r 
calendar quarter 
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! iAN I * ' ::ii/ ; ;Mirra.,S (Appii^ only to community systems except for 

nitrate, wh i. <; \ . a pr> lies to bo th c bmn " u i t V a h 
nor ■ -f > rumen : ; , ry J 



Surface Source 



Ground Source 



A:- Tier. : ■- 
fVi r i ii?; 
"JaMlti rep 
'/}. r : m> 1 1 us'. 
I.eaJ 
Xi-rcery 
;-'»• ; e n i a:" 

: .1 vet 
•• I iv-e it);-- 
• ' i * r a t o 



Ana" lycis at l~year 



Analysis a ?: 3 ~ y e a r 
intervals 



r - t a m i rui p. 



Surface Source 



Ground Source 



■■■ .'it i -i 

Me thoxycr: I cj t 
"V > x "i ph n e 2,4- D 
,4, '--TP Si 1 vex 



Analysis at 3 -yea r 

1 nt ;; rva 1 s 



Analysis only if 
required by the 
State 



»trtl Trihalo- 
■»"» t ha ne s 



Sampling and analysis 
conducted quarterly 



'wiual States may require greater frequency of sampling and analysis.) 



INACTIVITY (Applies only to commun i t y -type systems) 



■ n * rimriaht 



.Surface Source 



Ground Source 



*; u t a i 

•1 i rvv-r i v i t.y 



Analysis completed 
at 4-year intervals 



Analysis completed 
within 3 years 
after effective date ; 
thereafter at 4^ 
year intervals 
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DDLIM (Applies only to communi try -type systems) 



Surface Source 



Grouna Source 



Samp ling and analysis 
conducted annual ly 



Sampling and analysis 
conducted every 3 
years 



'ORKOK I VTT V CH A R ACT K R.I S T I C S (Applies only to community-* ype systems," 



Surf ace Source 



Ground source 



(One round of 
sampling and 
ana lysis j 



Two samples to be taken: 
one midwinter and one 
midsummer 



Only one sample and 
analysis required 



(NOTE: individual States may require a greater frequency of sampling and 
ana lysi s . ) 



TURBIDITY 



Surface S ju rce 



Ground Source 



Sampling of at least 
once per day 



Not applicable 
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Ur;i» the ijiiesit ion to 
promote i-lii'i:"! di sriij-ii'ii oii ; 



1 i How would an inspector determine that, 
a facility has met the frequency 
requirements for samp 1 in 9 aii'i analysis? 



Alert students that thei 



are other contaminants 
than those covered by the 
regulations; and to be on 
the lookout for unusual 
conditions that might 
po s e a r i s k o f con t. ci m i - 



Kn sure that students 
have a copy of the 
National Interim 
Primary Drinking Water 
Regulations ( EPft-570/9- 
76-003) and have them 
locate section on Mets 
for future reference. 



References ( NIPDWR) : 
o Inorganic Chemicals 
(141.11 and 141.23) 

o Or ga hie Ch emica 1 s 
( 141. 13 and 141.24) 

o Cblif oriti Bacteria 
(141.14 and 141.22) 

b Radioactivity 

(141.15, 141. .1", and 14.U?6) 



\ Ts e the question to 
promote class discussion. 



When would an inspector use MCI 
information? 



Use Transparency 8-3. 

Discuss requirements 
of NIPDWR for record- 
keeping . 



Recordkeeping (5 minutes) 

b Bacteriological analyses - for at least 
5 years 

o Chemical analyses - for at least 10 
vears 



Actual laboratory reports may be kept o:. 
data may be transferred tc tabular 
summaries/ provided that the following 
information is included: 

- date, place, time of sampling, name 
of person collecting 

- identification of routine distribu- 
tion system sample , check sc ~:pies , 
raw or process water samples, special- 
purpose samples 

- date of analyses 

- lab and person responsible for per- 
forming analysis 

- analytical method used 
^ results of analysis 

Records of act-ion -t-akeri to c *ct 
violations - for at least 3 years after 
last action was taken with respect to a 
particular violation 
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o Copies of written reporjts, summaries, or 
communications relating to sanitary 
surveys conducted by the facility, 
private consultant, or local, State or 
Federal agency - for at least 10 years 
after completion of the sanitary survey 
involved 

b Records concerning scheduling- of improve- 
ments riot less than 5 years following 
expiration . schedu ling time 



Use Transpareno.i <.»u R-4 
M L s c u s s i" e . t s on s for 



Tn -house Monitoring (20 minutes) 



n-nouse mon i coring . 



D raw sample point 
scheme on blackboard . 
Ask students for 
reasons for particular 
ana lysis . See 
schematic provided. 



Reasons for In-house Monitoring 

o Important for proper operation of 

treatment units 
o Identifies trends in water quality 
o Identifies problems in water treatment 

before finished water quality is affected 

Sample Points and Parameter 

o Dependent on type of treatment 

o Frequency dependent on type of source, 

variability of source, importance of 

pa ramete r 



Monitoring Program Evaluation 

] , Is operator competent and certified to 
perform the tests? 



2 . Are testing facilities and equipment 
adequate? 



bo reagents used have an unexpired shelf 
life? 



Are records of the test results being 
maintained? 

Are tests and operational results being 
supplied to the state regulatory agency 
(as required) ? 
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i;j r*ii v f iccculat ion 



J> se t t ling 



sample 
>uc tne chemica 1 s 
bact er ia 
}ar test 



a 1 tea 1 i ii 1 ! 
pH 



samp le 
alkalinity 

pH 



chic- r inn r t k 



filtration C 



a amp le 
i h ine chemica 1 ^ 
ha c c e r i a 



curbidi ty 
alkali ni t v 
pH 



samp le 

Curb! ;j ~ v 

pH 



Routine Analysis 



color 
car bid! ty 
o dor 



iron 

manganese 
hardnes 3 



alkali nicy 
pH 

nitrogen series 



chlbrid 
f iaortd 



ur.pl r? Po.L.nts and Analysis 



UNIT 8: MQNITQRING/RECORDKEEPING 



Unit Summarv 



Unit References 



Monitor ihg Responsibility 
Monitor ing Requirements 
Recordkeeping 
In-plant Monitoring 



National interim Primary Drinking Water 

Regulations 
Water Treatment Plant Operation (Volume I, 

Chapter 19) 



Basic Material 

The National Primary Drinking Water Regulations outline responsibilities 
and requirements of the water purveyor with respect to monitoring. The 
responsibilities for monitoring are: 

1. Arrange for all applicable sampling required in the regulations. 

2. Arrange for sample examinations at a State-approved laboratory. 

The requirements for sampling frequency are provided in the tables 
included in this unit. 
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Frequency Requirements for Sampling and Analysis 



MICROBE 



Contaminant 



Col i form Bacteria 



Sur f ace Source 



Monthly ^ based on 
population served 

Community systems of 
less than 1^000 people, 
a minimum of one per 
month 



Ground Source 



Same as for surface 
sources except that 
State agency may 
reduce to one sample 
per calendar quarter 



Noncommunity systems, 
a minimum of one per 
calendar quarter 



INORGANIC CHEMICALS 



(Applies only to community systems except for 
Nitrate * which applies to both community and 
noncommunity) 



Contaminant 



Surface Source 



Ground Source 









Arsenic 


Analysis at 1-year 


Analysis at 3- 


Bar ium 


intervals 


year intervals 


Cadmium 






Chromium 






Lead 






Mercury 






Selenium 






Silver 






Fluor ide 






Nitrate 
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ORGANIC CHEMieAtS 



'oiiuifninan t 



Surface Source 



Ground Source 



Ehdr in 

Lindane 

Methbxychlor 

T >xaphene 2,4-D 

2 , 4 , 5 -TP Siivex 



Analysis at 3-year 
intervals 



Analysis only if 
required by the 
State 



> tal Tr ihalo- 
itto t hanes 



Sampling and analys is 
conducted quar ter ly 



(Individual States may require greater frequency of sampling and analysis.) 



ka:, : o ACTIVITY (Applies only t • communi ty-type systems) 



Contaminant 



Surface Source 



Ground Source 



Mi'i tu ral 

Knd ioact. tvitv 



Analysis completed 
at 4-year intervals 



Analysis completed 
within 3 years 
after effective date; 
thereafter at 4- 
year intervals 



SODIUM (Applies only to commun ity-type systems) 



Surface Source 



Sampling and analysis 
conducted annually 



Ground Source 



Sampling and analysis 
conducted every 
3 years 
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'C ORROS I V XTY CHARACTE R i ST I C S (Applies only to cbmiriuri ity-type systems) 



Sur f ace Source Ground Source 



[Owe round of Two samples to be taken: drily one sample arid 

Sampling arid one midwinter and one analysis requ ired 

■"Mia j ys ir, ) midsummer 

(NUTE: Individual States may require a greater frequency of sampling arid 

r\va } ys" is.) 



TURBIDITY 



Surface Source Ground Source 



Sampling of at least Not applicable 

once per day 



the following records must be kept by the water supplier as outlined by 

NT POWR: 

o Bacteriological analyses ~ for at least 5 years. 

o Chemical analyses - for at least 10 years. Actual laboratory 
reports may be kept , or data may be transferred to tabular 
summaries, provided that the following information is included: 

o Date, place, time of sampling, name of person collecting 
b Identification of routine distribution system sample, check 

samples , raw or process wa ter samples , special purpose 

samples , date of analyses 
( Lab and person r espons ible for per forming anaiys is 
<. Analytical method used 
o Results of analysis 

o Records of action taken to correct v iola t ions - for at least 3 
years after last action was taken with respect to a particular 
v iolat ion . 
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Copies of written repo rt s , summaries or commUnicatidris ^r^lat ihg 
to sanitary surveys conducted by itself , private consul t an t-^or- 
locals State or Federal agency - for at least 10 years aft^r 
completion of sanitary survey involved i 



3uling of improvements - not less than 5 



years following expiration of scheduling time. 



The inspector should ensure that the required monitoring is being 
conducted and that analysis is performed by a certified laboratory. 
Recordkeeping should also be evaluated to determine compliance with the 
regulation „ 



The previously discussed monitoring is required to comply with the 
regulations. The analysis for those samples* with the exception of 
turbidity and chlorine residual, must be conducted by an approved 
laboratory. The operator must establish an in-house monitor ing program to 
properly evaluate the operation of the treatment system. The number of 
parameters and sample points is dependent on the type of treatment 
required . The frequency of the sampling will depend on the type of 
source , its variability of quality,, and the importance of the parameter 
being evaluated. The chart below illustrates sampling points and 
suggested monitored parameters . 



Sampling Points 



. raw water 



_> rapid mix 



J> f lbcculat ion 



_> settling 



sample 
routine chemicals 
5a c t e r I a 
jar test 



sample 

alkali nlty 
pH 



Use 



chlorthaE tori <L_ 



sa^p te 
rout ine chemicals 
bact erla 



sample 

turbidi ty 
alkalinity 
pH 



sample 

a I ka 1 1 h i t y 
pH 



f II Cfat ion 



tur bi di ty 
alkalinity 
pH 



Routine Analysis : 



color 

turbidity 

odor 



iron 

manganese 
hardness 



alkalinity 

PH 

n itrogen ser ies 



chlor ide 
fluoride 
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With respect to this in-house monitoring, the inspector should be 
concerned with the following points: 

1. is the operator competent in performing the tests? 

The inspector may wish to observe the operator's technique in 
collecting samples and performing analyses. The operator should 
follow the correct procedures such as calibrating arid zeroing specific 
ion electrodes. The operator should be aware of inter f erencas that 
may cause incorrect readings. 

2. Are testing facilities and equipment adequate? 

The water utility should be encouraged to nave equipment to enable 
proper operational monitoring. The equipment should be in working 
order. The inspector may wish to look at the equipment. The 
operation of the plant is not aided by a pH electrode that the 
operator has been using which as been dry for the last 6 months. 
The facilities should be adequate for the equipment utilized. Many of 
the electronic instruments are influenced by temperature and humidity. 

3. Do reagents used have an unexpired shelf life? 

The operator should be encouraged to mark the date of preparation on 
reagents and to discard when appropriate. The manufacturer-prepared 
reagents should be discarded when the expiration date is reached. 

4 . Sire records of test results being maintained? 



The records of test results should be kept so that trends may be 
observed. The .inspector should determine what action is taken based 
on the test results. The operators should know the importance of the 
particular test and what the results mean. 
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Responsibilities: 

• Arrange for Required Sampling 

• Sample Examination at State-approved 
Laboratory. 



in 
> 



n 

CO 
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Responsibilities: 



Arrange for Required Sampling 
Sample Examination at State- 
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Responsibilities: 



Arrange for Required Sampling 
Sample Examination at Slate-approved 
Laboratory 
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Recordkeeping 
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Recordkeeping 
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In-House 
Monitoring 
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In-House 
Monitoring 



314 



Why Monito r? 

« Proper Operation 

• Identify Water Quality Trends 

• Identify Water Treatment Problems 



K3 
> 

CD 
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Wh y Monitor? 

Proper Operation 

Identify Water Quality Trends 

Identify Water Treatment Problems 
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UNIT 9: MANAGEMENT/ SAFETY - "THE NEED TO KNOW" 



Unit Summary 



Personnel 



Finance 

Emergency Planning 
Safety 



Unit Objectives 



The inspector , in order to evaluate the 
total system, must be concerned with its 
management and safety aspects. This uriic 
briefly discusses points of importance in 
these two areas* 



aprsrovfrrn?^ Pfpsenta tion Time: 4 5 minutes 

Instructor Materials 

o Basic Material 

o Transparencies 9-1 to 9-3 

o Chalkboard 

Student Material 



o Student's Text, Unit 9 
Student Prep a r a t i on 

o Read Unit 9 prior to the session. 

Unit References 

6 Manual of Water Utility Operation 
o Water Treatment Plant Operation 

(Volume I ) 
b Water Supply System Operation 



Logistics 



9-1 




Use Transparency 9-1. 
Use Transparency 9-2* 

Discuss aspects of 
management that are 
important to the 
operation of the 
system . 

Ask students for 
factors affecting 
personnel requirements. 



Use Transparency 9-3, 



Management (15 minutes) 
d Personnel 

1. Are personnel adequately trained ana;, 
certified? 

o In-house training programs 
o Correspondence courses 
o Short courses 

2. Are there sufficient personnel? 
o State requirements 

6 Sickness, vacations 

3. Are the financing and budget 
satisfactory? 

o Present operation and maintenance 
o Future replacements 
b Future expansion 

3. Is an emergency plan available and 
workable? 



Emphasize the Safety (30 minutes) 

importance of safety 

for both the inspector o Source of Hazards 

and the operator. - Electrical shock 

- Exposure to chemicals 
Briefly discuss hazards ~ Drowning 

and safety precautions. - Working in confined spaces 

High-intensity noise 

- Sprains and strains due to lifting 
Slips and falls 

d Safety Equipment 
Helmets 

- Goggles 
Gloves 

- Shoes 

- Respirators 

Self-contained breathing apparatus 



o Safety Concerns 

13 adequate safety and personal 
protective equipment provided? 
- Are the facilities free of safety 
hazards? 
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rh-- management of the water system does rich of itself represent a sanitary 
risk the quality of the water. However, there are several aspects of 
;"^ngomont that wiii affect the overall capabilities of the system. 

V'^'r :->urihe 1 

1 . Ar° personnel adequately trained and/or certified? 

In order to properly operate a system, personnel mast be adequately 
trained. This can be provided by an in-house training program 
conducted by more experienced personnel. Correspondence courses such 
as water Treatment Plant Operation, Water Supply System Operation and 
AIWA courses are a means for a small system operator to receive 
training relatively inexpensively. Operators should also be certified 
by the appropriate state regulatory agency. Proof of certification 
should be prominently displayed or otherwise made available to the 
i nr. pec tor ; 

2 . Are there sufficient personnel? 

There should be enough personnel to provide for operation during 
vacations or sickness as a minimum. The number of operators is 
dependent on the type and size of the treatment process. 

finance 



Are the financing and budget satisfactory? 

The system should be able to have sufficient funds for operation, 
maintenance, and future replacements. 



K m e rgency Planning 

1. is an emergency plan available and workable? 

The utility should have a contingency plan that outlines what action 
will be taken and by whom. The emergency plan should meet the needs 
of the facility, the geographical area, and the nature of the 
emergency likely to occur. Conditions such as storms, floods, and 
civil strife should be considered. 

Another aspect of management is safety. This is a concern if the system 
has 1 operator or 50. It has been pointed out previously that safety 
should he a concern of the inspector, both his safety and that of the 
operator. There are a number of safety hazards including: 

Electr ical shock 
Exposure to chemicals 
brown ing 

Work ing in confined spaces 
High-intensity noise 
Sprains arid strains due to lifting 
Slips and falls 
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The first choice in preventing accidents is to engineer out the C'>:|x.);;u! 
An example of this is providing guards for alt rotating equipment and 
belts. This choice is not always possible. The second choice is the trj. 
of protective equipment. The most frequently used equipment and a 
necessity of every piant are the following: 

b Safety He line ts - provide protect ion from fall ing objects i ri 
manholes and pipe galleries. Can be used as a means of 
identification . 

o Goggles - prov ide eye protect ion from chemica is and £ Ly i hg 

ob j ects . They may need to be supplemented by full face s'h ie i J whei 
working With sortie "chemicals. 

o Gloves - provide protection against injuries from chemicals a:vl 
equipment . 

o Shoes - steel-toed safety shoes provide protection from falling 
objects . 

o Respirators - protect the wearer from inhalation of dust, organic: 
vapors, and other chemicals. This equipment is only to be used 
where the .< t mo sphere is known not to be oxygen deficient. 

b Self-contained Breathing Apparatus - provides protection in oxygen 
deficient atmospheres Where the operator must Work, such as 
repairing chlorine leaks. 



With regard to safety the inspector should be concerned with 



1. Is adequate safety and personal protective equipment provideiiv 

2. Are the facilities free of safety hazards? 
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Management 

• Personnel 

• Finances 
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Management 

* Personnel 

• Finances 
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iafety 

• Electrical Shock • Noise 

• Chemicals • Lifting 

• Drowning • Slips/Fall 
« Confined Spaces 
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jg fety 

Electrical Shock • Noise 

Chemicals • Lifting^ 

Drowning • Slips/Falls 
Confined Spaces 
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NKKI) TO KNOW" 



Survey Techniques 
Sample Survey Fo rm n 



The inspector must know how to actually 
conduct a sanitary survey. This unit out- 
lines the three phases of a sanitary survey 
and some activities that should occur in 
those phases, ft set of sample survey forms 
is also presented . 



Approximate Presentation Time : 6 0 minutes 
Instructor Materials 

o Basic Material 

b Transparencies 10-1 to 1-5 

'-- udent Material 

o Student's Text, Unit 10 



o Read Unit 10 prior to the session « 
Unit References 




None 



10-1 



,ir em.- i\:s iO-1 ?_nd 



Schedule 



* i r v survey . 



, si -a:- erics- 10-3 ; 
JL t. ) . e .1 rn p o r t a n c e 



, : .iiuspcirency 10-4. 

-■ i-'i sonal exper i ences 
i anec dotes to relate 

,im materia 1 to 
* „it ir/; that inspectors 

■ ■ j .mter . 



.. parriiu; , 10-5 . 

f u ri c t i ; of a 
-por" 



i j i f : f 1 y i J A 5"; cu s s the 
;.ii:iph j form.*; . 



planning schedule 
6 Estimating time 
b Phases of survey 

p r e pa r a tion Phase 

o Review of available records 
o Review of chemical and bacteriological 
files 

o Review of self -monitoring reports 

o Make contact with owner/ operator and 

establish survey date and time 
o Notification of any schedule changes 

Onsite Phase 

o Review of system complaints 

o Review of monthly operator reports and 

in -house monitoring 
o Complete investigation of the water 

supply, treatment, and distribution 

facilities 

o Make general description of the system 

and a flow diagram 
o Exchange of information between operator 

and inspector 
o Completion of form 
o Sampling 
6 Debriefing 

.Writing Phase 

o Function 

o Formal notification of deficiencies 
o Motivate corrective action 
o Provide records of compliance, future 
inspections 

o Activities 

o Complete formal report 

b Notification of appropriate 

organ izatibris 
o Followup on technical assistance/ 

questions asked by owner 
b Notification of variance of written 

evaluation from oral debriefing 

o Sample—Forms 

o Sample form compiled from this text 

o State of Alaska 

o State of Maine 

o State of Missouri 

o State of South Carolina 

(Can be used to develop or compare forms.) 
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In the previous chapters > the concerns of a sanitary inspector have been 
outlined • In this unit a plan for doing the survey will be developed. As 
this plan is developed and the use of a standard form is discussed; it is 
important for the inspector to remember what the purpose of the survey 
is.. .The inspector is to perform an onsite review of the water source, 
facilities, equipment , operation, and maintenance of a public water system 
for the purpose of evaluating the adequacy of such source^ facilities, 
equipment, operation, and maintenance for producing and distributing safe 
drinking water. This purpose is easy to forget and to let the survey 
become an exercise in completing the blanks in a particular form. As ah 
inspector, you need to concentrate on identifying potential or existing 
problems and evaluating their r isks . 

In planning for a survey, an estimate of the time required will help in 
managing your schedule. The estimate should include time prior to, 
during * and after the survey. Although the time required will vary with 
the complexity and the experience of the inspector a good rule of thumb 
would be 2 days in the office for every day in the field. 

Prior to each survey the inspector should review all available file 
information concerning the system being surveyed. This review will assist 
you in being fully briefed on the system's past history and present 
conditions. Many times, if you are familiar with the past system history, 
past inspections, reports, memorandums, telephone communications, yoa can 
dispel remarks made concerning previous letters, conversation , etc-, that 
are taken out of context, altered, or just misunderstood. Tr.is knowledge 
of the system's past conveys to the water system personnel a concern for 
the system and professionalism on your part. Once the owner > operator or 
engineer realizes you are familiar with their operations and past dealings 
with your agency> they will normally take the inspecting party more 
seriously and the end result will be better, more accurate > and useful 
information concerning their operation and facilities. In this 
preparation period, the initial contact should be established with the 
water system. Telephone contact to establish a mutually acceptable date 
for the onsite visit is beneficial. A short notification letter giving 
the survey time and date should be forwarded with instruct ions for 
requesting changes to the schedule. This is also a good opportunity to 
re iterate the reasons for per forming the survey and to inform them of 
specific information they will need to provide. This should be provided 
in sufficient time for the water system personnel to respond to the 
notice . If the inspector must change the schedule , it must be done at the 
earliest possible time. The survey must never be postponed or cancelled 
without pr ior notification . 

A brief synopsis of activities during this period follows: 

1 . Detailed general file review. 

2 . Detailed review of chemical and bacter iblogica 1 files . 

3 . Review self-monitor irig reports . 

4. Make contact with owner/operator to establish survey date and time. 
5; Give early notice of any schedule change. 

In performing the onsite survey, the first step is to be punctual. Thi.s 
will prevent getting off to a bad start because the operator had to wait. 
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This brings up the necessity of the successful survey; Imperative to a 
saccessfai survey is having a representative of the water system, 
preferably the operator, accompany the inspector daring the onsite 
survey; This will allow the inspector and operator to ask questions and 
develop, a mutual confidence in each other's ability. Once this trust has 
been developed^ the operator may be more willing to be open about. the. 
operations and problems of the system. This is the period of evaluating 
the system. In most cases it is good to use a standard form to help the 
inspector cover all the points of the system. Again it is riot the primary 
function of the survey to complete the form. Many times system owners arid 
operators are *put off" by someone filling but a form. They wonder if you 
know what you are asking or whether you are just filling but a form with 
information that may never be used or evaluated. The inspector should 
know why each question is asked. The judicious use of a form will (a) 
provide uniformity of inspections, (b) ensure completeness of the 
inspection by another inspector, (cj facilitate data record, and (d) allow 
follbwup inspection by another inspector. There is no best form since 
each system is different arid each report must be tailored to the specific 
conditions of that system. There are several examples of survey forms 
provided at the end of this unit,. The first is a compilation of the 
questions that have been asked in the previous chapters. Other examples 
are from the States of Alaska, South Carolina, Maine, and Missouri. These 
examples may be used in developing or comparing your own survey form. 

Some of the activities that should be conducted at this point are: 

1. Review of system complaints. 

2. Review of monthly operator reports arid iri-hdUse monitoring. 

3. Complete investigation of the water supply, treatment, and 
distribution facilities. 

4. A general description of the system and a flow diagram. 

5. Establishment of an exchange of information between the operator and 
inspector . 

6. Completion of the form as requ red. 

7. Sampling as required. 

9. Debriefing of the opera tor /owner at the end of the evaluation. 

The last phase of the survey is the writin 9 °^_^ e _ re P C)r ~ tm Tnis 
represents the of f icial noti f ication of the results of the evaluation^ _ 
The report should be done promptly and reflect the information provided to 
the operator at the end of the onsite visit. If the written evaluation is 
different from the oral debriefing* the operator should be advised 
telephonicaily of such changes. There is little that is more exasperating 
to the owner/ operator than to receive a written report 6 months after the 
onsite visit listing deficiencies that he knows nothing about. The 
purpose of the report is (a) formal notification of deficiencies, (b) 
motivate corrective action, (c) provide records of compliance and future 
inspections. The report itself can be as brief as a letter or as detailed 
as necessary to convey to owners and operators of the system what 
deficiencies exist arid what must be done to correct them. 
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Brie£ly> the activities during this period are; 
I* Completion of formal report. 

2. Notification of appropriate organizations of results 

3. Fbllowup oh technical assisLance/questiphs asked by owner/operator. 

4. Notification of variance of written evaluation from that provided in 
the oral debriefing. 
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SURVEY SAMPLE FORM 

Date of Survey 



Name of Facility System identification 

Owner Telephone 

Address 



County 



Treatment Plant Telephone Number 



Name of Operator Certification 



Water Purchased From Water Sold To 



(other than system) 



SOURCE 



1. What type of source; 



2. what is the total design production capacity? MGD 

3. What is the present average daily production? MGD 

4. what is the maximum daily production? MGD 

5. Does system have an operational master meter? Yes No 

6. How many service connections are there? — 

7. Are service connections metered? Yes No 



WELLS Yes No 

1. Is recharge area protected? 

Ownership Fencing Ordinances 



2. What is nature of recharge zones? 

ftgr [cultural Industrial Residential Other 



3. Is site subject to flooding? 

4. Is well located in proximity of a potential source of 
pollution? 

5. Depth of well -- . - ft. 
6- Drawdown ft. 

7. Depth of casing ft. 
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Yes No 

8. Depth of grout ft. 



9. Does casing extend at least 12 inches above the 

floor or ground? 

10. Is well properly sealed? — - -- -- 

11. Does well vent terminate 18 inches above ground/floor 
level or above maximum flood level With return bend 

facing downward and screened? 

12: Does well have suitable sampling cock? 

13. Are check valves, blowoff valves * and water meters 
maintained and operating properly? 

14. Is upper termination of well protected? - — - 

15. Is lightning protection provided? - — 

16. Is intake located below the maximum drawdown? 

17. Are foot valves and/or check valves accessible for 

cleaning? 

SPRINGS AND INFILTRATION GALLERIES 

1. Is the recharge area protected? 

Ownership Fencing Ordinances 

2. What is the nature of the. recharge area? 
Agricultural _ Industrial _ Residential — Other — 

3. Is site subject to flooding? 

4. is collection chamber properly constructed? 

5. Is supply intake adequate? 

6. Is site properly protected? 

7. What conditions cause changes to quality of the 
water? 
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SURFACE SOURCES 



1. What is nature of watershed? 

Agricultural Industrial Forest Residential — — 

2. What is size of the owned/protected area of the watersn^cl? 

3 . How is watershed controlled? 

Ownership Ordinances Zoning 

4. Has management had a watershed survey performed? 

5. Is there an emergency spill response plan? 

6. Is the source adequate in quantity? 

7. Is the source adequate in quality? 

8. Is there any treatment provided in the reservoir? 

9. Is the area around the intake restricted for a radius of 
200 feet? 

10. Are there any sources of pollution in the proximity 
of the intakes? 

11. Are multiple intakes, located at different levels, 
utilized? 

12. Is the highest quality water being drawn? 

13- How often are intakes inspected? — 

14. What conditions cause fluctuations in quality? 



PUMP S 

1. Number 

Type — — 

Location 

2. Rated Capacity 
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■_- _ ... Yes No 

Are pumps operable? 



What is state of repair of pumps? 



What type of lubricant is used? 

Emergency power 

o what type - 



o Frequency of testing — 

o Record of primary power failures; in 

last year- ~~ " 

o Automatic Manual Switchover 

o Are backup pumps/motors provided? 

7. IS all electro/mechanical rotating equipment provided 
with guards? 

8 ■ Are controls functioning properly and adequately 

protected? 

9 • Are underground compartments and suction well waterproof? 

10. Are permanently mounted ladders for pumping stations 
sound and firmly anchored? 

11. is facility properly protected against trespassing 
and vandalism? 



Yes No 

TREA^ffiNT-WI-TS {Note: Multiple unit. Id have a separate information 

section completed for t,,:n unit.) 

Prechlor inat ion/Pre treatment Units 

1 . What chemical is used? - = 

2. What amount is used? _ lbs/day 

For prechlor inat ion , has TTHM been evaluated? 

'1 . Where is point of application? 

5. Is chemical storage adequate and safe? 



* ; Are adequate safety devices available and precautions 

observed? 
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Mixing 



1. Is mixing adequate based on visual observation? 

2. Is equipment operated properly and in good repair? 



1; Is process adeqaate based on visual observation? 
2. is equipment operated properly and in good repair? 
Filtrat ion 

1. Is process adequate based on visual observation? 

2 . Are instrumentation and controls for the process adequate 
operational, and being utilized? 

3. What type of filter is utilized? 

3. Is equipment operated properly and in good repair? 
Pbs t -Ch lor ination 

1. Is adequate chlorine residual being monitored? 

2. Is the disinfection equipment being operated and 
maintained properly? 

3. Is there sufficient contact time (30 minutes minimum) 
between the chlorination point and the first point of 



4. Is ope rational standby equipment provided? If hot, 
are critical spare parts on hand? 



5. Is a manifold provided to allow feeding gas from more 
than one cylinder? 

6. Are scales provided for weighing of containers? 

7 . Are chlor ine storage and use areas isolated from 
other work areas? 

8. Is room vented to the outdoors by exhaust grilles 
located hot more than 6 inches above the floor level? 

9. Is a means of leak detection provided? 




use? 
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Yes No 



10. Is self-contained breathing apparatus available for 
use during repair of lenks? 

11. Are all doors hinged outward, equipped with panic 
bars, and at least one provided With a i/ieWport? 

12. Are all gas cylinders restrained by chaining to 
wall or by other means? 

12. Have there been any interruptions in chlor ination 
during the past year due to chlor inator failure 
or feed pump failure? 



STORAGE 

1. What type of water is stored? 
Raw Treated 



Yes No 



2. What type of storage is provided? 

Gravity — g als. Hydrbpheumatic — g als. 

3- Total number of days of supply? days 

Gravity Storage 

1. Does surface runoff and underground drainage drain 
away? 

2. Is the site protected against flooding? 

3. Is storage tank structurally sound? 

4. Are overflow lines, air vents, drainage lines or 
cleanout pipes turned downward or covered, screened, and 
terminated a minimum of 3 diameters above the ground or 
storage tank surface? 

5- Is site adequately protected against vandalism? 

6. Are surface coatings in contact with water approved? 

7. is tank protected against icing a;id corrosion? 
B. Can tank be isolated from system? 

9. is all treated water storage covered? 

10. What is cleaning frequency for tanks? _ ; 



11 . Are tanks dis infected after repa irs are made? 
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Yes No 

1. Does low pressure level provide adequate pressure? _ 

2. Are instruments and controls adequate* operational, 

and being utilized? 

3. Are the interior and exterior surfaces of the pressure 

tank i h good phys ical cbhd i t ion? 

4. Are tank supports structurally sound? 

5 . Is storage capacity adequate? 

6. What is cycle rate? 

" yil Nd 

DISTRIBUTION SYSTEM 

1- Is proper pressure maintained throughout the system? — - — : — 

2. What types of constraction materials are used? 

3. Are plans of the water system available and current? _ 

4. Does the utility have an adequate maintenance program? 

5. . 'he system interconnected with any other system? 

" *es 5b 

CROSS— CONNECTIONS 

1. Does the utility have a cross-connection prevention 

program? — — 

2. Are backflow prevention devices installed at all 

appropriate locations? 

3. Are cross-connections present at the treatment plant? 

~" Yes No" 
MONITORING 

1. Is the operator competent in performing necessary tests? 

2. Are testing facilities and equipment adequate? 
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3. Do reagents used have ah unexpired shelf life? 
A. Aire records of test results being maintained? 



1. Are personnel adequately trained? 

2. Are operators properly certified? 
3; Are there sufficient personnel? 
4. Are financing and budget satisfactory? 
'-, . is an emergency plan available and workable? 

6. is adequate safety and personal protective equipment 
provided? 

7. Are the facilities free of safety hazards? 



SITE PLAN 



TREATMENT UNIT SCHEMATIC 
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SJATE.OF A_LASKA... 

DEPARTMENT OP ENVIRONMENTAL CONSERVATION 

PUBLIC WATER SYSTEM SANS T AH Y SURVEY 



.VATER system-iw/-e^toa^^nfqrmation - 




5 i D Numo«f 
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ACTION RESULTS 



OH ! 



•jG INFORMATION 



• loycj iijidtguttt .»« 3u*»<t> ' 

I ■*>■ !O0 O* ' n » t»fO(#cttd ID r n «t 'ortgn Tiottsr jr 
t U '.UE1.4IW C inng t iniif tfvt wail ? _ 

i Tf.* jroolma or CO«Crtll 0*O lurroundmg tH C«mg ,r 
:">*. .waH.^».»Cl. f r.at..?rom cracki C C*iDl. »nd doei *••) 
■yiT>,:ot"»C«ing? 

i m • wad proa«riv- di*»a*dr 

■ ; : h t P^OttCTtd ■Q»i"»T .'OOdtrig 7 

• '.-•ft ff i«nmrv 1*8' on tr>« wall tnd O'OOi'iv innaJi«d? 
Ari...D6tiaiiil «3wir.Ct*__Qt _.COT>t«rntn#fon located 'ar 
■ fOvjgr aw«v 'rom th« w*ll mr/?- 

io«r». tn*.;uingii[indn iiiii 12 .ncnn ■txivf i** door 

"5' JrOunO 7 

t. J." 1 «.cr»f.nfd. " , «_ f t_turn_0#»t 

>o*»" vwarO-- ■od - -J-tTnLi.»ijng-. 1 3. _ n.cn«j_. ■cxj-vt 
rv*i or idovi i^e maximum Mood 

•vgn«'.' __ _ __ 

I ■ -ptUttl KMO^ir r*f - -v»Mi-Oi* ■» uicd. tr» tJ' «-ntrv 
scinri to tnt caitng ngnTlv i»vc } 

A(-<j- ••^»-^r-#tj-w« - tank , - CPlBCk- - DlO-w-r:i't_ . 

^v«1 ■ r -nfttn B nd orTitr wail IvHtm «C0 U ntn an c »1 ^ •!<■»■ 

j n»<3 t_nq Oparttjng^proparjv ' _ _ _ 

1 W»''30y or ■uiniifry Dowtf *-»vti'tDla. ■! it n aUar« 

jCH condition *n_d w«i' ""latnta^nad' 

• i *orn^g TOurea n -j{mu *a<J, -i*-i4- m cloiad trv Ipir^i"- 
«"t itryctura v^it* aiii ntgfit itaii? 

• i -.Jr-ftc* - Hjntaca- Q^aiJsaga -ar>d - contim mition di» ■rt«fj 
around cr a way '"on tna tormg? 
t r«n am ■round torin^ ftncod' 



facing 
<Jf jD_u n rj 
wnicftevar I 



SURFACE WATER SOURCE 



i " ft lOorttHI JdtCUfctf m Quent'Tv' 

3.0«..'f^ _-\»! tr '" T, «' n ,r *« from nCtnivl "jn 

' "3 j*ving rtmi' _ ._ _ 

- ir _? ^?_ B ftt'ing tnt reitrwOir 0<- VOu'Ce ,f M 

iour.cn. ot .nouitn»i. aomwnc cr oin«r rvc«s o' 

pOily T on » 

"-<.»>fl T.n»_ .■.->ttK«_wQ.r>i Daan oro^fiv pr oti^: * r C 
r:u.uiwO a n d umli o" 1 

! _~ t r* » C t ' yj _rv._ r «_t_ r i C t ad j"_t n • *v ■ l« ^ *d 7 

i " 1 » - • /v *»Aitf oumotng c«3»cir, ^tQuin- 
-'- Ot>y- jr. njniiirv 3Q»v«t . :Uv •>) iCMa ; t n 
iD't "inCiJ'Ofl iriO ^^«M r"Binl|ir.fO? 

'. 'A*' iJIK: i'JH. .3*1 IK": M 4>'t 'J»«d. 1 V'i'd I^'fiC'tn 

-15 •:! Mf-lOnt/ 
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_ 39. 
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1 L_i -3. 
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G G C <o. 

^ 2 50 

_ 52, 
13. 



3 Ij □ 



~ L"7J 55. 



57 



1 S l .*. 



•'ECT1QN 



"•■<- :.' i'C»J ioir» pftMV or* _n (ri aj>__ . 

J3 I ^jn-ridon ,1 o»*d. ir« idlQUIII H1»TV Sri*.- 
: jC'.Cn).3| L ng A?" awffl. ■jnjHj IJ_ f «n t« n'jrf '■■■r 

• _ > M -rj«iK^j-tn_oor>-*«o-'-'-td c«nr"it».r.r!>.r. 'j 1 ! ;?jirg«. 
jn-op'i «•» sotr« aifi.iajti tanHi cft"*'tr :o or 

\" •* .? ' y? *.f<i , -. , l* a ' -_. -._ ' _ 

■ -.oocnmrill ! .VI 0>>uVOn\ Ormg -n»dt ^ 

: ' joi' innir ' 



^ 50 
™ Si 



CTHCR TREATMENT 
'J.?_ntm^cti ijor»gj« lOtaylU 7 

Ar» -i:-h«mtG-H -'••d«n - inQ OumtJl .PI OOtfitiOr:, gc»J 
cpndttior and 0«mg oroOtriy r *>«mtjin«or' 

rfHtrumtfltfUOA-ina <on«QH *0«qw«« Ma* ;n§ o^n 
Cttl D«irigutHiZ»Oand <n O' 00»' <vO> King ordu 7 

%.Lf_-«ccv-eait -?»cor-dJ .jniminmd '^mo^n' j 1 

«tt««' trtnttd. imouni 01 critm^n uitgti^ 

Art mmui'i *aftrv dryicai iy«ii»D>« ».r?d. Of#c*u: '.'<?! 
oot«-rv«d !duit m«lh, tt'arv ^o<jQiti, jiov*i. oratm.: «,« 
;io^mgt 7 

STORAGE 

Art itor»v* ■ iwrvoi r» lociltd «DOV« grounCwlil' «v«i ;' 
Don iu_rf»c« run-o!^f md yndfrground cl^mtga d'Hi 

jiUr»v_frO(Ti ltOr»g«_ItrVLCUtrt.r'__ _ 

Art in_« iTOrag>t r»»«rvoiri OrOTtCttd^giinij 'lood^'s' 
An overflow itntt, fir v«nn. drtmt^t im»t or c;«»" avi 
□ •p« turn«j downward - or cov«r«d. icrMnid ina -tr- 
rr.t.rill»d Jl.rTimirnu.rTi of 3 d'«mt*in tDOvt *n« grour-.d or 

itortga tank juHki^ 

Art H_MT«d wattr L*tP_rjK>% r*««_rvqi_ri .cpvarad ' 

Art 'fid i:or»g* r«i«rvOiri c!t«n md frtt from co^urnn- 

■_i | Pn ; ' 

U iMt r«'ervoir itrucTur»Hy iou"d' 



OlSTRU'U VION SYSTEM 

Art .pfttojr* •_nd_ 'Jowi ad*Q^ti« 'Mrougnoui • 
»t t(i 1 n« of tri# vaar Z . 
Arf §11 itrvicri mjrarad.^ 

Art O'tni cr tnt waitr ivimm cvmicdi n>*io cu 



MANAGEMENT 



Ail ojnonn*- adaguaia'y I r »'_f"?<3 «n_d/or ctnif «ro? 
It an tmarganc-y Dlan «vatltpi4 i^d wOr«to>« 7 
ArtiubooaiartiJ-maiQ.tjr^iJLn^^ »c»ou »t* ? 

ii rnt financing md budQVt ittiifac'orv 7 
Art rf»«ra lUTficrtnt oarionnt'? 

Arj luf f iCitnt ooartlion tnd mtinttninc* rtcordl 

ittot? - - - - - - 

Art_ rqutint nniin tt nanct »cn»dutti •n«Olnh»d tno 
ftd^f^d io 'or tJL c6rnboo_*rill_ Qt_ im_y+V**L_y\_iJ_Z'^ ; 
Ara tit faCilitiM tnd »CtivHiM fr»« from it>«rv at**cn' 



CROSS CONNECTIONS 

Wat iviiem fraa from u.ncjjeir3ii.a.diroM_cQnoaci' 3 01 - 1 
lj mt_crqii connection con trqt Drcgrtm »Orcu«lt 

»cntdui«d TtST'Og. of JQ+CKft-Ow o_r*vfr:±cn_dtv .c»i : 

Art DKkflow oravtntion dtvicti installed «<i nnorno- 
•t»ca...i.oCir.ioni iwatitwitir aiant noio'tti "ij«*r ai 
oc**ioni. o tc.. 1 ? 



ANAL VSE* PERFORMB0 IN-HOUSE 

rj Tie -^tr.^'or coiripliin 1 .n _ str* 3 'm ing 
Ar§ :enmg facidtitt tna «auiO rT, » r, t aaecuata' 1 
C a r t>MSJ* n_o ui»d * «vi . i.n u_nt * D ' 1*0 jn« 1 1 J ■ • • 3 
Art tcorai Of t»*t rMuiTI 0«'ng m|inrnr>«rC ? 

SAMPLES TAKEN AT TIME OF SURVEY 



1 1 « si ? . 



T Otti Ccii'tirm ^«iu 



; t mi n»*d i nr» . 
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STATE OF A LASK 
DEPARTMENT OF ENVIRONMENTAL CONSERVATION 



INSPECTION CONTINUATION 



Dal* a* mioKtion 



1 
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i> La tv < ) i Ma in v. 



aTEP 3 5l**»_ SXPCt. ° 



53LPC£ 2: »«J!LLJ a; Or»iiSGlc,_3. _£*ncing;_ ^..Easarteni*, C._ CTCinance* i- 

^" C^^ucaii. £ ■ ^tncr.;-- . _ ^ ■ ■ '5 

Q3 AOE&JACYj. a, Ait. Sourct. 3-. ftaiiity._to i«t iu. lowt . (I 

5? INTAKE: A. Scraaruns, 3. Dart* , - . ^ocaLian i- 

:::s:^^u . 10n 35 *"EED EDJTP.. a. florin* tor, S. Soara. C. Scales. ■ - - 

-2. ArruainRom - ■ 

06 CONTROL, a. ^acin^, £_._ .Constant ^Vicing. C. -ccii^tio^ "--O 1 . ■ 13 
gr SA^T" - * A. CTdcrane ^oom, 5. Lxnauat r *n. C. Cjj . 3. Cjnnijz*r. 

£. Air-He*^ r eMtraTnio^yX narri ; r.. Doer tc srurisr, 
_ _ h. _wincr>« i _': . Ciov«, - . Apron ... (a 

S8 CONTACT Hvt; i. staiauaJ * £ ■ f - 



".jcptc^TCn 2? rrrr) rQjip.. i »tr^i, 3. Scale*. C earc. 

-2.- AcrUx-Uno ra . .-. . ■ ■ 

10 CONTROL. V?^Socty.__3. ?lcif>Q. *a^tarijine*._C\ "liaae 

^7 SATTTV; a. Clo*«*. B. Cogc-l«*. Acron, z. X»t *^as* . E*« -hsm; 

-sr^-y^p^- :: o*\£7"E: a. cp*r*Lion. a. . '"lasri _?±** T _: . r *- 3c=1 ^*^'? r, -_. 

~~ "" 3 . Coagulation. S«cinwntatlon. r . r Littrs. 3. 3ac 

h. .SiuCQ* Cl«oo**i._ _ _ 

tr* 3*TdA*.. A. So^ter*rv 5. Iron a«rrovtJ. , C. Ni?.ni» 5 <revu- 



Carti 'Ire 



a. Cov«r«G. 3. t **crUoriJTaLlon-. I. feneln^ . . 
^INTt>*A*CI: a: «*aOntac; 9. Zlianac. C. ;:t« 



fc^CN l? A. ^lumlng. 3. 3 lain fact! on , I . 



■ U, : *C :« CH.C*I>€ a. 3a^W. 3. ^XJUon. :. Mctnoo. C o«nicai» 
T? n_LXPltt. - ■ tfluiortw-*.; Bi -1 actio i cm ; C. CnaHaaL.5. - 

St m o ar c- — - °»9^* - 



AoeoLHir 

I_ Turing 



344 
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DIVISION OF ENVIRONMENT Q(JALl" v 
FUBllC DRINKING WA^ER PROGRAM 

RECORD OF POBUC WATER SUJPPtY ROUTINE SURVE": 



initial a \ 

Pinal. □ 2 

Annual □ 3 

interim Q 4 



DATE. 



2. PWS ID Mo (71 
4 PWS Mame^ 



: 3 County Name' 



jS Check person(s) wno should get analyses repom 
C Mayor /Board C h « rm an / P »-t ai dant Own «r ( ) 
5 Nami: . 

d Aodrws' 



Check oerson(s) contacted during inspection 
□ Superin tendan t/M an ) 

10. Name; , 

11 Address: 



" C'ty-State-Zip Code: 



1Z City -State- Cp Code: 



3 Jrfice Phone NumDer 
3 Home Phone NumDer 
Z C^Ht/S*cxetary ( 

"5 Name 

'6 Address- 



13, Oftlce Phone NumDer' _L 
14 Home Phone Number _L 
a Other { J 

20. Name: 

21 Address: 



My-Staie-Zip Code: 



ZZ City-Siate-Zip Code: 



'3. Office Phone Numsw 
'9 Home Phone Numoer- 



23. Ofice Phona Mumper 
2* Home Phone NumDer 



12 M»it Sample 96rtt«« to- ( 

25 Namn 

:S Adcrrsa 



Operators and Certification Laval 



.rv-otate-ZiD -oce 



23 Otl'ce P^ore Numoer 
w 9 H ome P^one Numoer 



3C p eoDie S«r^ec 



3' Serv.ee Connections . 7' 
2< - -n ;.-<»d ^at^ r "ic'aqe 



Average Daily Consumption 

37 Cwn Svstem 71 



38 Secondary Systems 

39 T >:ii-cii " 5vve~ 



2* NA^f, 



■■••« ^ • a tern 5 ^'veo 
-.- ~ n j r . S c s ! f m 5 ~ 



Vlanmurr Qjny Consumption 

40 2 vwr 5^ - :er- 7 



>CC n '3arv ivVPn-V 



'■ICC 



ug: 



np - a Y AVAILABLE 
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SYSTEM SURVEY 



_ SATiS=- 



UNSATIS- 



REMARKS 



_ Source 

Su'*ace Source Condition . . . 

Grcuna Source Condition . 

!_.S ^.impj 

Otner Specify > .... 

Treatment 

-♦nation 

Chemical Aooi'cation 

•fixing ... 

Settling ... 

c >ifation .... 

Control Equipment .... 

_jDoratory Equipment ... 

Otner ^Specify) 

Distribution 
3, ant Storage 

H S PUmps . : 

Cistnbution Storage 

Booster Pumps 

Cross Connection Control . . . 

Metering 

Otner (Specify) 

- Record Keeping 

Analyses Records 

Violation Actions 

Inspection Reports 

Variance/ Exemption Records 
Operational Records 

Systems Records 

Sample 3ubmi**lon 
Micrd&iOIOgical 

Chemtcal 

P'ounde 

Radiological 

Water Ouallty 

Microbiological 

Chemicai 

^hvsicai 

Radiological 



: atmg Codes Satisfactory - 0. Unsatisfactory (use one or morel 
Deficiency • 2; Capacity Deficiency * I 



• Construction Deficiency - i; Operation and/or Maintenance 



pl anr Effluent C! Free CI Total . 

Occr CoiO' Phosphate 

Maximum Rate of Operation U.S. 
3-evious n ecommendations Carried Out 

New Construction P'ooosed 



OH _ 

_ Other 

. H S- — 



.Pa. 



. Turb. 



. Stability _ 



. Other 
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i TATE ;F iCUT?: CAROLINA _VA_TER..iU?PL:£_P. ,.1£ICN 

SANITARY SURVEY REPORT 



Dace : 



Inspected By: 



(aigiiarure) 

5 tat ion Coda: 

N'ame of facility: i County: ; - 



Owner: Telephone 

Add res a : — — — — — 



Name of Operator: Certification No. and Grade: 
ropulauijn Served: - - - -No", of Servicea : 



Number of unaatiaf actory routine Bacteriological samples aince laat Sanitary Surva? 

Report : 

dumber of routine Bacteriological aamplee alaca laic Sanitary Survey Report: 

Chemical: Health oriented paraaatera noC taeetiag standard* on laac report: _ 



Aesthetic oriented parameter* riot seating atandarda on laac raporc: 

TREATMENT PLANT 

Capacity : CMCD) Averega uaaga: _ (MCD) 

Emergency power . Capacity under emergency power 3 GD 

TREATMENT (sketch plane and locate injection po inta) 



baffle mix aedimantation - - - pH_*41u«tment 

mechanical mix aaratlon ion ajechanga 

disinfection filtration aequeataeion 

floccuiation - lima abftenirig taate and bder control 



TREATMENT CHEMICALS : 



nhlorihe lima phosphate 

il'iai pbtasalum permanganate fluoride 

caua cic activated carbon ammonia 

5oda aah — — — polyelectrolyte 



-an operator conduce following teata (haa knowledge and equipment)? Y ea No 

pK chl brine Iron P hosphate fluoride turbidi: 

Docs operator keep recorda of teat reaults? — — Y ea NO 

Certified operator on duty at all timea plant is operating? 

Plant locked vhen ooerator not on duty? Chemicals kept under lock? 
3ack-Mp feeders available! _ Chlori nation room for gas chlorination . 



Us „ a sk: groves, aorens, etc. available- Ceneral condition of plant. 
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5XNTTAR7 rc r :lvTf REPORT 



Daca: 




~hec< Vil-rg 



-icuse :or "ells 
irri —'i^rr z r_ 1 s 




'.erieril : : ell 



:i :r: : 
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t « ; i>i South i' i ro 1 i \\;\/V:iy,~e '3 



SANTTXRY OTVF/T REPORT 

Dace: — _ — 

Inspacced 3y : — — -- 

( inicials ) 

Sc^cion Coda: 

?c?ragc Facilities 



Pneumatic Scoraqe Tanlt 'j_2 _j/Jj ; CanminEa 



> ize 




i 1 


3peracing_ Pressure ON^ ' 
?.an«e (PSI) > OFT 










AdJuace Dram (2") 




t 1 

l - -J 






Sample Cock 






- -J 




•ZoncroLs Protected 

: rom Vandal Imti - - - — — 






| 


Jeneral Condicion 
zi Tank 


1 - 




i 

l 


Tbserve Operac of 
Tank and nocr deficiencies 
.yacef Logged, Low pressure, 

ecc. i 




I 1 




— 


Air Compressor 

(tank 5-QOO ?al. ) 











J round . Scorage ; glav&ead 5 corage 



■ SUe j'H 


■»2 




n 


Commencs 


' _ ._ . 1 

'■taccr.es Vacerci-jr.c [ 

ir.d ^ocked - 1 






J 




! 










•creeled . eac 






. — 


Vo ,onnec::on ; j 
■- -ari-c-f* — 2 " j * ^ 2 r 3 1 n - L -- -- ! 







Ier.er3l Conci : ion at 



:cccccc<i rcccccca 



,ac:er 

;r:'.r.d 



349 



> 

M 

n 



351 



ir. 

T3 



chedule 



*S \J 



9 

ERIC 



Preparation 
Phase 
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Preparation 
Phase 
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Report Writing 
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Report Writing 
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Cbmiriii nidations 

Public Relations of Survey 
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The inspector must know who to contact with 
regard to the sanitary survey being per- 
formed. The relationship of the inspector 
and the operator is important to the 
success of the ;urvey . This unit brief"!*/ 
discusses the importance of these items- 



Approximate Presentation Time: 30 minutes 

Instructor Materia 1 s 

o Basic Material 

o Transparencies 11-1 to li-3 

Student Mat e r ia Is 

o Stud- - {- ' s Text, Chapter 11 
Student Prepara tion 

o Read Chapter 11 prior vJ the session * 
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Use Transparencies 11-1 a: 
11-2. 

Ask for student 
suggestions on what 
should be accomplished 
in each phase of 
common i cat ton . 



Communications 



Prior to Qnsite Visit 
o Owner of Water System 

o Obtain cooperation and established 

sarvey dates 
o Explain purposes of sarvey 
o Request that necessary information be 
available 



o Operator 

d Coordinate gaining entry to site 
o Ensure presence of operator during 
survey 



o Local Health Unit/Other Departments 
o Ensure cooperation and coordination 
o Obtain information pertinent to system 



Briefly discus s 
activities involved 
with each item. 



During Qnsite Visit 

o Owner of Water System 

o Obtain information pertinent to system 
o Explain function of survey results 
o Explain recommended actions 
b Explain what action will result from 
survey 



Use p ers onal experiences 
and -ahecdo-tes to illus- 
trate situations students 
may encounter during a 
survey . 



o operator 

b Obtain information pertinent to 
system 

b Exchange of technical information 

b Explain survey results 

o Explain recormended action 



After Qnsite Visit 

o Owner of Water System 

o Notification of deficiencies 

o Instructions on _cor rectibns 

b Compliance schedule for cor rect io« 



b State Regulatory Agency 

o Case report where formal enfor: 
indicated 



ement is 



o U.S. Environmental Protection Agency 
o Case report when State does not have 
pr imacy under SDWA 



b Public 

b If system is not in compliance with 
- applicable MCL 

applicable testing procedure 
required monitoring 
scheduled corrections 
an exemption or variance 

Transparency il-3. Public Relations 

o Importance of establishing good 
relationship with owner/operator 



CJse personal experiences 
and anecdotes to illus- 
trate actual situations 
students may encounter 
duri ' j a survey . 
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An area that the inspector of a water system must deal with is who to 
contact with regard to the sanitary survey. This contact is necessary for 
obtaining cooperation, gathering information, coordinating with other 
departments or agencies/ and transmitting the results of the evaluation. 
Briefly, the persons/agencies the inspector should contact, arid the piirpbse 
of the contact, are the following: 

Pr i or - to On^4fce -y4s4^t 

o Owner of water system 

o Obtain cooper at ion and established sarvey dates 
o Expla in purposes of su'ivey 

o Request that necessary information be available 

u Operator 

o Coord inate gaining entry to site 

o Ensure presence of operator during survey 

o Local Health Unit/Other Departments 
o Ensure cooperation and coord inat ion 
c: Obtain information pertinent to system 

Uu-t I- M- g the Ons i te J Z l^i^ 

o Owner of water system 

o Obtain information pertinent to system 
o Expla in function of survey resul ts 
o Expla in recommended actions 

Explain what action will result from survey 



Operator 

o Obtain information pertinent to system 

c Exchange of technical inf or mat ion 

o Explain survey resultc 

o Explain recommended act ion 

A f ter the Onsite Visit (Survey Repbrt^- 

o Owner of water system 

o Notification of deficiencies 

o Instructions on corrections 

o Compliance schedule for corrections 

o State Regulatory Agency 

o Case report where formal enforcement is indicated 

o U.S. Environmental Protection Agency 

o Case r port when State does not have primacy under SDWA 
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o If. system is hot in compliance with: 

- applicable MCL 

- applicable testing procedure 
required monitor irg 
scheduled corrections 

an exemption or variance 



Briefly, we heed to discuss < nmunications with the owner/operator and 
with the public. There is not sufficient time in this course. to fully 
discuss interpersonal relationships and how to deal with people. However, 
there are some points that inspectors should keep in mind. The establish- 
ment of a good relationship with the operator is important to the success 
of the survey . The operator of the small water system occupies a unique 
position in the water supply industry. In most cases the operator is re- 
sponsible for all aspects of the system from operation of the plant to 
budgeting for equipment, and in small towns may also be responsible for 
the other services {wastewater treatment, road repair, etc.) in the com- 
munity. Consequently, the operator will frequently have only a basic 
v irking knowledge of the treatment processes of that particular system. 
The fact that the operator may not be fully knowledgable about the 
t< - hnical design criteria does not make the operator incompetent. 
Communicate with the operator in terms that can be understood, not by 
yourself or by an engineer ^ but by the operator . This is particularly 
true when providing assistance. An indepth discussion on the Brownian 
movement of colloidal particles may dazzle the operator with your 
br i .1 lance but do little to foster a good relationship. 

Communicating at the level of your audience is particularly important in 
dealing with the general public. A technical knowledge of water treatment 
and water quality cannot be assumed with the general public. Conse- 
quently , you must be careful to couch your communications in laymen's 
terms, particularly when dealing with problems in the system. The public 
should be made to realize the impact of the problem without having the 
dingers ex^gner ated , 
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• Prior to Onsite Visit 

• During Onsite Visit 

• Post Onsite Visit 
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« Prior to Onsite Visit 
• During Onsite Visit 
« Post Onsite Visit 
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Public Relations 

• InspeGtor/Operatsr Relationship 
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I Mig R elations 

Inspector/Operator Relationship 
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- '"I HI-.: NEED TO KNOW " 



Prov Ldi no Tv-chn.; ca 1. * .- -.; i ^a rice 
C< )i'.i:i> *' i 1 Prool errs 



J., r. .rjntficant element of the sanit ary 
survey is the assistance that the inspector 
can re:iaei the operator in overcoming 

operational ;d procedural problems and in 
improving the operation of the system. 



Approxim, - e Presentation tim e: 30 rdnutes 
Instr -.ct.(. Materials 



o 3a sic Material 

.-parencies 'D-l and 12-/1 

Studen - : Material 

o Sc Jdent ' s Text, Ur.it T T 

S ■:■ -Jd en t Prepare t ion 



o Read Unit 12 prior t'r the session 
Jnit References 
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Fxp 1 c'i 1 ? : bo t r : e t ii i i* ; : 1 i . 
t a a ' *' 1 1 i a • ■ f - f ■ '!* i o p. i fi 

idni-d o=" a cb -cK : i 
: or inve:;' iqatino the 
: - ibie C'-aiL-ie ( s ) for 1 

• i ] » > w wn r » > r pre s a n r t x , 
onsat : a far to: y water 

:ua 1 I t d nd -as Lb t lea * 
. d- '."M a f o ! O v a ter . 
: : ■ . ui'. icn w i 1 be ■ ; 

: - .|"f-V !<«-! [(.!■!■■, : ".I : 

; . : , t a nee ! o wa L m ; 



Pecbnicai AJ.si: 



nii hut e s ) 



Importance t j" Lding tecl . oa!: 
assistan ■ 

nma] 1 systr- f i ;aently wt cm recb^.al 
staff 

cat n prov j de inunodi . . f e roaa 1 u t ion o f a 
Srj 1 ; 1 vary risk 

T r:u lor^ancf. 1 of how a : ; ;r 'stance i s provi d*-d : 

0 ba r rs o f s nap j udements 

1 - Request bed p 4 rom mo:, -t expor ionced 

pe rsonno 1 
Make r c common da c ? ■ ■r, ; ff-r-nr. La 



un-'if :* stood 



u a.t • 



oa-Lb Ris'r 



irid r ' 



• : if; ! pi* i no it 

\a* -u- -»i j ■! a 1 «m f * 
aerator nr i a at " 
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• ; i < r a t i n«; »»: pi i po" a 
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v o a ru lb: ♦ ,i raid-": 



-• i .1 _ o-r_-I n t a k -e_ Z . c r u • - 1. a . 
P i p x n g blocked 

pp f fct ive valves .or valve iwaiiii'j 
P.- ;c/ged f"; 'd. valve and/or strainer 
areak in ■ .11 of collection diaml^er 
vater in c, I'eoti.on chambe. --r pipe; 
f r e e :'. j : : - 

W*» ] ] pip** -a-jred above water tat)l- 
; r !i<il low we I 1 w i V r- pur. ion p*' • ) 



Trea tmeh t Ef ru ij>meh •. 

n '.lecta ical saTtsLy control activated t 
ait off w- te r pump die to i nope ra ' i ■'<' 
.■nemical feed pnmp 



, : k r- j •• * i rief'i ' 
-al'kboaia • * d 



t e rn 



n po\ *er f a i 1 ur e 
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• • t f \i • I - a;; i c ma . rial 
a 1 1 i" d e tho r 1 i saifiH 1 
. r o pre sr: it ad''I i t '• < 
■ ■ ■ : r;:.j v. ion. 

;>t a a L ■ >\'»» y.i -i - 

dure • :i proh ] ems 



o 

o 



rn"(0?"t^-^— o a t 

Defective p* 
System ^ -. 1 

A ; r lot.. ■.. 
Leak on s 



mo t < - 
vitch 



: i.rOtt 

su r>- 

off 
net ion 1 i no 
o:: side of syt 



o Plugged 
o Worn or 

o Diners 
back- 

o Los. 



e 1 1 e r or elector 
Jective pi-imp 
1 irie check "a I \ u^;- ... 

ime i »i piston -type pump 



: r >toraq- 



Rupt ed ta t 
Dra in va 1 ve open 

Float switches on gravi " * tank fie 
Pressir;? s w i t c h on h y b p n e u m a t i c 
? tor a erf tank s def ec t i v- 



"tr j bib i oh System 
Break in water rib 
Hydrant ( s ) open 
£xc°ss ivt; dema ad 



oriqe ■: p 



raija 



Ou a I i 



-la ttrs St: a 



th Risk 
s o 1 1 i n q « ■ i 



r • :me r" 



; i b 1 e Causes 



." 1 1 j * • rn l n a t 10a • y '. ' a 
i ne. ilea i s 

1 _1 — qjT — I n t a 1 St j.. U-CJt-U a 



' a site coi ri iat • •• • . r. 

toy ' c chemica 1 s 

I nopiri'v! ■ "e we Li : -a ; 



br ^a t.s..i 



"ont am l n a t i o n of t re 
risiif f icient c' ■ or ine i ■ 
' . ! or ine : ■ 1 ur . . i ■ exh j- u . 
■infective en- U r 4 e l 



n fS'pair -ir b 1 .icemer t of pump pa 
'■■ii r.olit ;•• le^aate disiilf ecV i <~aa 

ii '■•■,(■ » f ■* a m i * : a * e d wa r_ e s t o 1 u h r i. r 

par'. 
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o Improper sealing of pump U' base 
o Improper pomp drainage 

o tor age System 
o Debris in storage tank 
o Interior of tank coated v.\? th uririppr 
coating 

Entry of bird;-, through defective ve 
or open manhole 

Distribution Sj em 

o Cross-connec MOi with source of - • • 
or toxic chemicals 



Problem ? \ •< d Taste; Color; Odor 
( c: > mi hut e 3 . 

Heal th -Risks : 

o Possible bacter:al or chemical 
contamination 

Use by consumer of a more palatal in 
less safe wa t: e r s n pp 1 y 



V;l_._ Cause: 
>■ ter Source 

o Contamination by foreign subs"-. 

Well or Intake Structure 

Entry of bird or nimal f:hron-:l: 
ief ective veri 4 open :* i nho le 

o Inoperative Vtil seal 

Jr^attnen-t ProreBi:- 

Producti ;n ot" chlor opheny 1 s 

of chlorine on prectu sor snbs^a nc<-r- 

Pr. ^ i;ng System 

o Repair or replaceme; : . of pump par t'.<: 
without ^equate dis ifection 

c? Use of -ontaminated vat- ;o " i \:i-r< 
package 

o T "i prefer sealin -■£ [- ~* . 

: - 'ir-er drainag of pump 



St orage System 

Debris in storage tank 

Interior of tank coated v?i . iiriappr* 

coating 

Entry of birds through broHen • 
ope n. ma nhole 

Disj^t hu; - ■ - >■ v.Mtem 

o Ir- -r: bacteric: growth in pit 
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TFOHWrCAI, ASSISTANCE 



Previa Lag Techn ical Assistance 
C o ni 77K Problems 



Small Water Systems serving the J to lie 

(Chapter 13 ) 
Handbook .^f individual Water Systems 
Water Systems Hant 

Water Treatment PI, nr Opera V ion (Volumes 
& IT) 

Water Supply Sy. err. Operation 



mi * .ir y :;urvoy is in part designed to assist the water purveyor in 
tin.; any He f ic iehc * es in vater quality or the v 4 a tier sepply system, 
n t- pro/ide this assistance, the inspector m ist be tble to commun- 
t'i water system personnel the l-oss i :;Ie cau bi problems. Problem 

• should he approached in a systema^c with a concept of the 
'" r ; "hat might: contribute to water problems and with insights into 

r. ion ■ : 

* maintenance and repair scaeduic is of primary imporu 
■n<i wate: ^opply system. Every opportunity should be t*keh t-o 

• Tui dance in the development of such a sy. tern and to s^p;,!^ - techh - 
■ i: ••IPC'- with potential and ac:*iai water ?vs':ern problems. 

> technical assistance is provided is equally impo.vta^t as the in- 
[ t 'j ; vol Un.l"-;s the sointK-n is obvious, technical ass* stance 
! ~- '.^en only a.ier the entire system has teen surveyed. There are 
v-. : for this procedure. First , the objective of your visit is to 
e tho p-tite watev sy , tem . if you speno y< »r time pi?.ying Sherlock 
iri a Luomjyt irg to Determine the cause of ^robilemi you hsve change"" 
i ; -crive and may very well over. took a serious sanitary risk. isoia- 

• *n US'- of a water sys cem problem is time consuming and withou: 
. ;-iru< analyt ical ^u^pbrt, generally difMcjuit, If the operate- 

'in-, 'ho : ~b;:c ^bmmbh c* ~ 11 \ *ve been evaluated and will >\-, V t 

"i.t fh« /iebbnc i urvey 4 . nq ti. entire system is ' n.?t 

:: ••>'■■ ; nrbl: "V ; '• fn. 'Tour qw.ehtly, 

■:..nU: . • 'erven c:;c em ha' - i n r^ wo . 
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-»P»m. iNn ..hs-ild be askec what ^teps have been taken to evaluate and 
iu»to the nr^-.iem. The inspector should determine if the problem has 
urr^d ho for e arid what action was taken, A review of operating records 

provide J rlv.f. to recent changes in the system or chemicals utilized 

M iy i >e t liv « ■»: . >e . 

» •■ -\ **or;>r shou '. ; temper: any advice with a realization of t 
•»» b n- ■ ai^'i khCA.^dge b' the problem. If erroneous in for ma' 
vb'ied, .;i loss of money and time can :sult while the hazard r oh 
■ * *■ f . ihe cJas ic "I 'ni frbiri the Government and I'm here to help 
* ' >ti followed : y assistance that intensifies tb^ problem rather than 
;; sol iit Ion e .-; be devastating. The inspector with limited 
' - n **• i s wise? to refer the problem to more experienced personnel. 

» »» > :* ; have [) e v e 1 ope d a nie a n s L y H .•' c h assistance can be p r - v id ed to 
: i sv. tmn either by its request . a referral from & sanitary 
i " 1 1 ■ * . This r:; not to in / that the:- 1 should not be an exchange of 
information with th oi^rator by . i inspector. The inspect.tr 

i . : : , . : . i i t a r y p r on 1 ems t o h e ope * < V. ■ : : ■ . d i s c u s s t h e i ; i npo . t a n r ' • t 

' 'in of a means of resolution,, pro.i'V' '" . 

v; f • !i-iwi -w» '.-:-.h'1 ortis " n 1 i^ v - r ; ?f -..he poss ; h Isi cantos - Wlierevrr 
o the xissibJ.** ■'--«-. tw * hd i c a tor s of the problem so as to 
• i '■} : >' wa f e r pu r v e v ' v b'r c-I ■ : *• . . Us e the elements of the 

■ oh, ■ U-t Jf y . 



' ^ r t a h 1 a ha S d r bpt>. • • i h e ] Ow w» 

*i ; ; i i ii « j ui we 1 i s c ro • eh Willi • i oi 

' Or^ f 1 ow ! , ;» : b.-^n d i ;ti i h ^ S h 1 1 

i i 1 h t a !•■; " S f r u c t u r 



o» a ij is o i ock I no p i p<. 

I i V*- valves c-r o L v*o settinoa 

; : . 'K»d f f »'* . v. 1 3 a strains: 

1 »»•»." : n w.i! i <»f coli^ ion chamber 
■■i'.i t'"f ''11 ect ion cha . r or p ' pos j r r»e/ i r mi 

! 1 s'T-' a poagged or broken 
'••.V' I I p'o. • uptur^d abov.- w.ii or • ( -Jja 1 low ,o ) 1 wi th r ' . • . 

; 1 imp ) 

• O ;••»') 1 1 — Eo • : : prr, c ' h t. 

? : i ira ! Safety o-bhtr-'l ac* i v- ■ ■ e»d {<•■ >:•:■ ■ I O • o pump due t • 
■ t ^ t "■ " •• '"horn i ' .1 f » pi nip 



o l:>o 'cr * . . i r J r e 



o r.o\. ViP*'; voltage 

o f^horl* a -ou t electric motor 

o Defective pressure switch 

6 £ysti:ih valved off 

6 Air Iccfc in suction 1 i.ne 

o Leak on Auction side of system 

o i- J ijqged e jector or impeller 

0 Worn or defective pump 

b Discharge line check valve installed backward 

o Loss of prime in pis tori- type pump 

S ' ^ rage System 

Raptored tank 
o Drain valve open 

c Float switches on gravity tar;- defective 

pressure switch on nydropneuiratic storage tank defect a " 

F) i l ribution System 

Break in water main 
o Hydrants open 

c Excessive wator demand over prolonged period 



Water Quality Violates - Standards 

Health Risk 

o n is ease o r chemica 1 po i son ing of consume r s 
Possible Causes : 
Water Source 

o Contamination of source by wastewater or to: ic chemical 
We 11 or In ta -k e Situation 

d Onsite -v.i'itamiriatibri by wastewater or toxic chernicair 
0 Inoper a t ive well seal 

Treatment Process 

o contamination of treatment chemicals 

Insufficient chlorine feed rate 
o Chlorine solution exhausted 
o Defective chemicals feed eqaipmen:. 

Puinp Syste m 

o Repair o: replacement of pump pa^ts without adequate di 
o Use of contaminated water to lubricate package 
o Improper sealing of pump tb oase ^urin§ repair 
o Improper drainage of pump 
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Storage System 

b Debris in storage tanks 

d Interior of tank coated with unapproved coatings 

6 Access of coritamiriari ts through broken vent or open manhole 

Distr ibution Sys tem 

o Cross -connect ion with source of sewage or toxic chemical 



Problem 3: The Water Has Bad Taste, Odor, o r C olor 
Health Ris k 

o Possiole bacterial or chemical contamination 

o Use by consumer of a more palatable but potentially less safe water 
supply 

. "•ussibie Cause s: 

Water Source 

o Contamination of source hy foreign substance 
Well or 1^ take Structure 

o r^n try of contaminant 'ntd structure through defective vent, open 

manhole , or screen 
o Inoper ati /e well seal,- allowing entry of con taminan t 

Treaiment Process 

o I -eduction of chIorop..enj Is by action of chlorine :>n precursor 
- t)s t.cinr.v3 

Pj.mp System 

o Repair cr ropl icemei. t of p' ip parts without adequate disinfection 
j . ie ot con tx\\\\ \a -.e^ wacer cb lubricate package 

Improper st^i^n- of pump to oase, allowing entry of contaminants 
o Improper dra x.aqe of pump 

Sto rage System 

o Debr is in storage tank 

Interior of tank coated with Unapproved coatings 
) I%n try of contaminants through broken v^rit or open manhole 

Dist ribut i on- Sys te m 

o Iron bacteria grou-tn' in pipes 



Technical 
Assistance 
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Teen 
Asssstanc 
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When to Provide? 



- After Survey is Gompiete 

• Objective is to Evaluate Entire System 

* Problem can be Caused Throughout 
System 
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When to Pro vi de? 

• After Survey is Complete 

• Objective is to Evaluate Entire System 

• Problem can be Caused Throughout 
System 
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■. -st-Test ( i )pt- i nna 1 ) 

T< >q r. i m Kv - _ i 1 Uci I- i < m i ( ( >pl. ionc: 1 ) 



o Midori t s s'h' in 1 d ^oiripl etc the post -test w i tli 
MS 1 * .if'i *ui"ri(r'j - 



App roximate Presentation T i me : 6 0 minutes 



Instructor Materials 



o Post-t-est (to be duplicated) 
o Key to the post-tes t 

o Evaluation form (to be duplicated) 



1 J n it Referen ce s 



I In its 1 through 1\. of I ;.is manual 



o 4 : -1 p« , : n I s Areas of emphasis will be determined by 

, ; . instructor^?. (20 minutes) 

' i a * i f y a r.y - hies t ions 
- 1 i:df>n* s H-r; have : 

•'. •:. -i t * \V yt ? ^ V f " S t . 

I . i s f. r i bu t e v a I u a t i. o n 
' m t m a n ■ i i \ a v ^ stu'ien t: s 
• 1 Mr si e *-.h« t'. ra .i ;unq 




SURVEYS OF WATER SYSTEMS 



POST-TEST 



"':or i» may be more than one ":on ecv -.lpwr- 'c~ some of ;;he questions. 



disinfection, 
removal of color, 
removal of taste and odors 
removal of turbidity. 

chlorine contact time for a free calcr h. ,: residual Jhbulc be a 

: mum o f 

1 c - minutes i 
■15 minutes - 
3r> minutes. 

3 mi hu tes ; 

hlorine dose of 1-0 mg/i is desired -isiiij a 2% hypochlorite 

u t ion ; 1.5 million gallons of water are pr educed per day. The 

[mated number of gallons of sodium hypochlorite solution ust. 1 per 



inrt^ -a.se in. turbidity in a well after a rail 1 , indicates 
excessive drawdown. 

possibility of surface water contamination, 
fa u l.ty pump . 

best means of preventing a cross-connection between finished 
r and a chemical solution tank i r> 

n reduced pressure zone backf low preventer. 

a check valve • 

a vacuum breaker. 

a n air ga p . 

two basic maintenance checks on the hydropneuma tic storage system 

correct air volume; 
correct air gap separation . 
correct pressure range, 
presence of a diaphragm. 



p i 1 ma r y pu rpo s e of rapid sand f i 



7 . r :> . 



7 S . 
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7. The National Interim Primary Drinking Woter Regulations provide 

ai maximum contaminant levels for certain parameters, 

b- requirements for monitoring frequency a .r.Z riel'iods r/ f p.naiys.is . 

Co that States may not require more stringent sh?:-'irc:s than 
outlined in the Regulations ; 

8; Samples for free chlorine residual 

a; can be stored up to 8 hours before analysis, 

bo can be stored up to 12 hours before analysis. 

c. can be stored up to 36 _ hours before analysis. 

d. must be analysed immediately after saiiipling. 

9. The membrane filter method for colif orm analysis 

a. is the quickest acceptable method ( if the test is negative), 
b- does hot require a large amount of incubator space. 

c. allows comparison of results to those of fermentation tube 
technique • 

d. does not require judgment on the part of the technician. 



10. The pressure exerted by water standing in a pipe of tank is cal 

a. dynamic pressure. 

b. pneumatic pressure. 

c. head* 

11. Proper disinfection may be determined by comparing which of the 
following two test results? 

a. Jar test results 

b. DPD test results 

c. Bacteriological test results 

d. Alkalinity test results 

e. pH test results 

12. The purpose of grouting in a well is to 

a. prevent the casing from corroding. 

b. prevent settling of the pump shaft. 

c. prevent air binding of the well. 

d. prevent entry of contaminated surface water. 



13. The most common water treatment - -thod for colif orm reduction is 

a . granular activated carbon . 

b . chiorination . 

c . lime -soda ash treatment . 
d - neutrali zation . 
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Post -Test 



l . a 

2; c 

3 ; d 

4. b 

5. d 

6* a > c 

7. a> b 



8. d 

9 - a , b 

10. c 

11. b, c 

12. d 

13. b 
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Program Evaluation 



Sanitary Surveys of Water - System s 

Please. rate the following by circling the appropriate number (1 = lowest, 
10 = highest) : 

A - Instructional St a££: (Consider: or 9 aniza ti°n and clarity of 

presentations , interest in assaring that learners assimilate material r 
preparation arid knowledge of material, use and appropriateness of 
visual aids, etc.) 

Instructor (list name) 

i; 1 2 3 A 5 6 -7- 8 9 3 0 

2# 1 2 3 A 5 b— 7 8 9 10 

3. 1 2 3-^- 5 6 7 -8—9 10 

4 . . L- 2 3 -4 5- 6 7 8 9 10 

5 f . ±- 2 3 ^ — -S — 6 — 7 8 9 10 

c .......123456 7 8 9 10 



Comments : 



B. instructional Material : (Consider : overall appropriateness of 

material to basic program objectives, i.e., provide training to enable 
completion of sanitary surveys of small water systems when complemented 
by on-the-job training; completeness of subject matter within each 
unit . ) 



Unit No. NaJ£€- Your Rating 



1 


Or ientation 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


2 


Water Regulations 


1 


2 


3 


4 


s 


6 


7 


8 


9 


10 


3 


Water Sources 


1 


2 


3 


4 


5 


6 


7 


8 


9 


ir. 


4 


Pumps 


1 


2 


3 


4 


5 


6 


7 


8 


o 


10 


5 


Water Treatment 


i 


2 


3 


4 


5 


6 


7 


8 


9 


10 


6 


Storage 


i 


2 


3 


4 


5 


6 


7 


8 


9 


10 


7 


Water Distribution 


i 


2 


3 


4 


5 


6 


7 


8 


9 


10 


8 


Monitor ing/Recozdkeeping 


i 


2 


3 


4 


5 


6 


7 


8 


9 


10 


9 


Management/Safety 


i 


2 


3 


4 


5 


6 


7 


8 


9 


10 


10 


Surveys 


2 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


Communications/Public Relations 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


12 


Technical Assistance 


T_ 


2 


3 


4 


5 


6 


7 


8 


9 


10 


13 


Conclusion 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 
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' 'orrirrieiits : 



C. Overall Program Qrgagi nation : (Consider: relationship of one unit to 
Inother, reinforcement of material from one lesson to the next, 
position of lessons within the program, length of presentation, etc.) 

l 21456789 1Q 



Coiriinents : 



D. Lesson Support Mater ig±s: (Consider: appropriateness of v 
adequacy and appropriateness of materials received prior to 
program/ etc-) 

123456789 10 
Comn;ents : _ _ — 



E; Facility : (Consider: availability of media equipment, seating 
arrangement and comfort, lighting, temperature, etc.) 

12 3 45678910 



Comma n : 
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F. Additional-: 



Was the course of benefit to you? Yes No 



2; Would you recommend the program to others who were entering careers 
related to Sanitary Surveys of Water Systems? 
Yes No 

Comments : - - _ - _ 



390 
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Program Evaluation 



I nstructor_ 

(10 minutes) 

Note t - o the instructor : These questions are presented only as a gin d 
assist you in organizing your impressions of the conduct and outcom*? 
the program. Your report should include important subjective and 
observational information for use in continually upgrading the train.i 
program . 

The Part i cipants 

1. Were they motivated? 



Did the units meet their needs? 



What was not covered that should have been? 



4- What was their reaction to the Student's Text? 



The Techniques 

1. Were" the techniques and methods appropriate for and helpfi.il in 
presenting the material? Please explain. 



2. What techniques were most effective? Least? 



3. What, changes would you suggest to the designers of the program? 
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iKS'l'Ki' REKKRENCES 



vwitoi" Treatment Plant Operations, Volume I 
Waiter Treatment Plant Operations, Volume II 
'7,if-er Supply System Operation 

Available from: Kenneth Kerri 

Department of Civil Engineering 

Calif, State University, Sacramento 

6000 J Street 

Sacramento, CA 95810 

(Phone : ?lt>-454-6l4 2 ) 
P»-:r : o: $io. b ti per manual 



1 of Water Utility jperations 
•liable from: Texas Water Utilities Association 
6521 Burnet Lane 
Austin, TX 78757 

Pr i ■■•=» : $17,00 



ManuaJ cf ; struct ion for Water Treatment Plant Operators 
Available from: Health Education Services, Inc. 
P.O. Box 7126 
Albany , NY 12224 

f'rtcp: $3.13 



Pl/mning for an Individual Water System 

Available from: American Association for Vocational 

Instructional Materials 
Engineering Center 
Athens , GA 30602 

Price: $7.65 



w "it or Systems Handbook 

Available from: Water Systems Council 

221 North LaSalle Street 
Chicago, IL 60601 

Price: $6. on 



iror mental Engineering and Sanitation 
by Joseph A. Salvato 

Available from: John Wiley & Sons, Inc. 

Somerset, NJ 08873 

Price : $55. 00 



national Interim Primary Drinking Water Reeruiutions 
Available from: Superintendent of Documents 

U.S. Government Printing Office 
Washington, DC 20402 
Stock No. 055-000-U0157-0 



Price: $5.50 



13-9 



382 



R. M.mual of Individual Water Supply Systems 

Available from: Superintendent of Documents 

LKS; Government Printing Office 
Washington, DC 204 02 
Stock No. 055-000-00229-1 



"flow to Conduct k Sanitary Survey" Procedures Manual 

Available from: New Mexico Health and Environment a 1 

Department 
Environmental improvement Division 
P.O. Box 968 

Santa Fe, NM 87504-0968 

Price: $4.00 



ADDITIONAL READINGS 



1. Water Treatment Plant Desi gn , prepared jointly by the American 
Water Works Association, Conference of State Sanitary Engineers, 
and American Society of Civil Engineers 

Available from: Data Processing Department, AWWA 

6666 W. Quincy Avenue 

Denver, CO 80235 

Order NO. 10 006 
Price; To members - $14.40; nonmembers - $18.00 

2. Water Quality and Treatment: A Handbook of Public Water 
Supplies ; American Water Works Association, Third Edition, 
McGraw-Hill , 1971 

Available from: Data Processing Department, AWWA 
6666 W. Quincy Avenue 
Denver, CO 80235 
Order No. 10008 - 

Price: To members - $34.10; nontnembers - $42.60 

3 . Manual of Treatment Techniques for Meeting the Interim Primar y 
Drinking Water Regulation ; EPA 600/8-77-005 

Available from: ORD Publications 
USEPA-CERI 

26 West St. ClairStreet 
Cincinnati, OH 45268 

Price : Free 
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